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Typhoid fever is largely water borne and no water supply is 
permanently safe from pollution. Fortunately adequate 
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PROTECTIVE TREATMENT OF FERROUS PIPE 
By Tuomas B. DowNerR 


(Chief Engineer and Superintendent, Alhambra Water Department, 
Alhambra, Calif.) 


The principal investment in water works is in the system of under- 
ground iron pipes required for transportation of the water from its 
source to the consumer. The location of these pipes usually under 
paved streets, renders them practically inaccessible after installation 
for protective treatment of the metal to prevent corrosion and for 
visible observation of the harmful effects of corrosive agents to which 
they are exposed, which set about to destroy the pipes or their useful- 
hess as soon as they are installed. 

The rolled iron and steel in service in the United States in 1900 was 
estimated at 56 million tons and in 1932 it is estimated at 700 million 
tons. The rate of deterioration by corrosion is estimated at 2 percent 
per year. Accordingly the loss from corrosion of rolled iron and steel 
alone in the United States in 1932 is 14 million tons and the loss from 
corrosion of cast iron will greatly increase this amount. In 1924 it 
was estimated that at the then rate of production, high grade iron ores 
of the United States would last only about 50 years and that the 
whole potential supply would be exhausted in 250 years and in Europe 
the same apprehension is expressed. 

The economic loss chargeable to corrosion of iron pipes in the 
industries of the United i“ including repairs, loss of water, 
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property damage, replacements to restore carrying capacity, fire 
losses due to reduced pressure in old water mains and damage from 
rust in household and industrial use, has been estimated at between 
50 and 100 million dollars annually. The loss from corrosion in ql] 
the industries in this country is estimated to be at least $300,000,009 
annually for metal only and the cost of labor of replacement would 
probably be as great. A large percent of this loss is suffered by 
underground pipes. This item is of such importance in our economic 
life that several agencies of national and international scope have 
been at work, one in France for a hundred years, experimenting 
with materials and methods of coating or treating pipe under al] 
kinds of soil and atmospheric conditions, in an effort to reduce the 
tremendous economic loss and substantial progress has been made, 
As a result of these studies and tests we now have a much better 
understanding of the causes of corrosion and methods of prevention. 

This paper sets forth the principal causes of deterioration of iron 
pipe as found in a water works system and describes preventive and 
remedial treatment in the form of coatings for the outer surface, 
linings for the inner surface, selection of metal with proper alloy to 
increase resistance to oxidation, measures to prevent electrolysis and 
treatment of the water to reduce corrosive action and form a pro- 
tective deposit on the interior wall of the pipe. 

The published data on this subject are voluminous and many able 
writers and investigators have contributed through treatises and the 
technical] press in an effort to preserve the world’s most valuable metal 
and prolong the useful life of iron products. 

The limited sphere in which the individual engineer operates may 
not and usually does not afford experience in all phases of this great 
problem of designing, operating and preserving an expensive system 
of pipes for distribution of life’s greatest necessity, and yet any day 
may present a problem involving expenditure of a large sum of 
money, wherein the safety of the investment and the satisfactory 
service to the public is entirely dependent upon the experience and 
good judgment of the water works engineer. 

The design, construction and operation of water works for munici- 
pal and irrigation use has engaged the author for the past twenty-five 
years, the latter half of which have been occupied largely in replacing 
a system of old steel mains with cast iron pipe and extending same into 
new subdivisions in Alhambra. Alhambra is one of the most rapidly 
growing cities in California with a population of 30,793, an increase 
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of 55 percent in the last decade. It has recently received the award 
of the United States Chamber of Commerce as the result of a survey 
by the American Public Health Association for being “the healthiest 
city in America’’— in its population class. 

The author will endeavor to treat the subject from a practical 
point of view, omitting technical discussions while bringing together 
the results of tests, experiments and observations from actual ex- 
periences of a large number of chemists, manufacturers and engineers, 
devoted to the preservation of ferrous pipe, in the hope of making it 
easier for the water works engineer to determine upon the best 
recognized treatment for preservation of water pipes under given 


Iron when placed in contact with water or other moist media, as 
earth or air, has a tendency to go into solution. Two factors are 
requisite to corrosion: moisture or water and air or oxygen. In the 
absence of moisture metals do not corrode; in the absence of oxygen 
they are attacked but slightly. Corrosion more than any other 
factor determines the efficient life of water pipes, which varies with 
their carrying capacity and tightness. 

Corrosion is a surface phenomenon, electrochemical in nature and 
three main types occur in water pipes: self corrosion, galvanic cor- 
rosion and electrolytic corrosion or electrolysis, and each type may 
occur in the atmosphere, under water or in the soil. Electrolysis is 
of interest to water works engineers chiefly in connection with soil 
corrosion and will be treated under that heading. 

The practical solution of the corrosion problem has frequently 
been accomplished by treatment of the corroding water to remove 
the cause of the trouble or by the application of suitable protective 
coatings. 

Self corrosion, which is the most common type, occurs when the 
iron comes in contact with water containing oxygen. The tendency 
of metals to dissolve and go into solution varies greatly, iron being 
more soluble than lead and lead more soluble than copper, and this 
holds true also in the order of their electrical and chemical activity. 
The electrical interplay between the hydrogen and oxygen of the 
water and the metal produces an acid condition causing rust which in 
turn is alkaline and tends to protect the iron surface from further 
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Constant renewal of iron and manganese on the interior walls of 
iron pipes from the water supplied to them is often mistaken for 
corrosion. Inspection of many pipes removed from distribution 
systems shows beyond doubt that what is termed tuberculation is in 
many cases due to deposition of iron from the water and not to 
solution of iron of the pipe followed by deposition. 

Pipes laid in heavy clay or adobe soil corrode more rapidly than 
pipe laid in loose or gravelly soil and corrosion may be greatly reduced 
by surrounding the pipe with fine gravel or crushed rock to provide 
drainage. 

When two pipe lines are laid near together and parallel, the deeper 
pipe will corrode the more rapidly because the deeper trench offers 
drainage to the shallower pipe. 

All iron and steel pipe metals contain impurities which if poorly 
distributed set up a difference of potential between the constituents 
of the metal and induce galvanic corrosion which rapidly destroys the 


Alloy iron and steel now being produced offers greater resistance to 
corrosion than ordinary carbon steel formerly used in making pipes. 
Rustless or stainless iron is produced by the addition of 12 to 15 
percent chromium with not over 0.12 percent carbon. This alloy is 
seven to ten times as resistant to corrosion as ordinary iron or steel at 
atmospheric temperatures. Recent developments in chrome and 
chrome-nickel alloy steel and protective coating and lining of pipes 
have greatly increased the life of the pipe. 

Microscopic examination of polished surfaces of small specimens of 
metals containing different alloys, after being polished with No. 0000 
emery paper and subjected to the action of corrosive agents, such as 
moist warm air, salt brine or dilute sulphuric acid for a few hours, will 
furnish a rough index to the relative rates of corrosion of the different 
metals. Samples tested thus over periods of 3 to 24 hours duration 
when examined and compared under the microscope at about 50 
diameters have resulted in the choice of metal best suited for a given 
condition as proven by observation of the same metals after two years 
use in service. 

Copper alloy of different percentages in 16 gauge sheet steel and 
iron, 488 specimens in all, uncoated and exposed to the atmosphere 


in an industrial district in Pittsburg was tested by the American 
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Society for Testing Materials over a period of 75 months. The life 
of steel and iron was found to be about the same and the average 


result of the tests is given below: 


COPPER ALLOY, PERCENT 
Under 0.03 y Over 0.15 
Average life, months........................ 50 70 Over 75 
Specimens good after 75 months, percent.... 2 50 100 


In all varieties of atmosphere—marine, rural and industrial—the 
conclusion was that the life of iron or steel has been increased from 
2to 5 times by the addition of small amounts of pure copper. This 
increased resistance seems to be due to reprecipitation of a copper 
film on the surface of the metal. The enrichment of the surface film 
in copper corresponds with the decrease in rate of corrosion. About 
0.15 percent of copper with 0.05 percent sulphur added to the metal 
is beneficial in air, but is of doubtful effect under water or in the soil 
away from the air. 

Molybdenum as an alloy in ferrous pipe up to 4 percent has no 
appreciable effect in soft or saline water or dilute sulphuric acid. 
Under atmospheric conditions over 1 percent molybdenum seems to 
be detrimental. 

Nickel iron alloys containing 3 to 26 percent nickel greatly retard 
the rate of corrosion in air, water and dilute acids. 

Chrome iron or steel alloy called “Stainless” contains 11 to 25 
percent chromium and a little copper or silicon with 0.1 percent 
carbon. This can be readily rolled or forged and but for the mo- 
nopoly in manufacture can be produced at a price two or three times 
that of ordinary steel. In fresh water and pure air polished stainless 
steel is practically non-corrodible and in salt water the rate of corro- 
sion is very much less than ordinary carbon steel. This and copper 
bearing steel are most important metallurgical developments for the 
defeat of corrosion. 

Galvanic corrosion of water pipes is caused by contact between 
pipes and fittings of different materials, such as clamps, U-bolts, 
gaskets, corporation cocks, wrought iron risers on cast iron services, 
lead goosenecks, impurities in the metal itself, poor application of 
metallic coatings, close proximity of pipelines underground, and use 
of unsatisfactory materials for backfilling trenches. 
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Prevention. Corrosion can be reduced to a minimum by using 
fittings of the same kind of metal as the pipe as far as possible. For 
clamps use a lead gasket, and after making the connection, the 
U-bolt should be spot-welded to clamp and water pipe. 

Zinc is positive to iron therefore do not use a galvanized riser on a 
cast iron service. Use a riser of the same metal as the service pipe 
and fittings and black iron pipe for small connection to meter. 
Where necessary to connect dissimilar metals coat the pipe for several 
feet in both directions with asphaltum. 

Iron pipe is electro-positive to the lead gooseneck and also to cop- 
per, hence to prevent a galvanic current flowing from the pipe to the 
union and corrosion of the former, place an insulating bushing 
between pipe and union, thus breaking the electrical circuit. 

Pipes laid parallel in the soil should be 2 to 4 feet apart, according to 
the conductivity of the soil, in order to prevent the flow of destructive 
galvanic currents. 

Atmospheric corrosion occurs in the air when the metal is alter- 
nately subjected to moisture from condensation and rain and to sun- 
light and heat. Moisture from the air is saturated with oxygen, acids 
and salts and causes very active corrosion as witness the long life of 
metal structures in dry regions as contrasted with their shorter life in 
humid regions, for example, the under side of the metal cover of a weir 
box or manhole. Moisture of pure water will corrode very little but 
when saturated with the products of combustion and laden with soot 
as in industrial districts, it becomes very corrosive. 

Prevention. Artificial protective coatings, while not permanent, 
afford the best protection known. These may be either non-metallic, 
metallic or dips. 

Paints made of insoluble pigments mixed in oil are most generally 

used to prevent atmospheric corrosion. Basic pigments as litharge, 
red-, blue-, and white-lead and zine oxide applied heavily in linseed 
oil afford good protection. Lead and zine chromate pigments are 
also effective. Neutral inert pigment such as black-, brown-, and 
. on red-oxides of iron and some others, when mixed with linseed oil, 
_ produce very durable films. 
Carbon pigments, as graphite, carbon black and lamp black form a 
_ galvanic couple with steel in the presence of moisture and cause rapid 
corrosion. These carbon pigments with linseed oil form very durable 
and waterproof coatings but should be used only in the finishing coat 
ted from th 
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or chromate pigment paint. Two coats and preferably three re 7 
should be used for best results. iy 

The foregoing paint coatings have been proven by extensive tests ‘ 
carried out by the American Society for Testing Materials on metal 
panels painted and exposed to the air for a period of several years. 

Metallic coatings consist chiefly of zinc galvanizing and are used 
widely both above ground and below ground, but if the soil is acid 
galvanizing affords little or no permanent protection. 

Tar or asphalt coatings usually applied hot by dipping and some- vind 
times reinforced with saturated fabric and a second coat of tar, offer : co 
excellent protection from corrosion of all kinds in steel pipe for many 
years. Great care should be taken to protect the coating from 
injury while laying and backfilling and all injury should be well 
covered with a fresh application before backfilling. 

Underwater corrosion refers to that type which forms on the 
surface of metal in contact with water, as the interior of pipes and i: 
tanks, and applies to about ten percent of all ferrous metals now in © oo 
use. The controlling factors effecting the rate of corrosion are oxygen 
concentration, hydrogen ion concentration, quality, rate of fowand _ 
temperature of the water, protective scale or coating and composition _ 
of pipe material. These result in chemical union of the oxygen in the — 
water with the iron in the pipe and occasionally with iron in the water. i 

Pure water does not exist in nature. Oxygen which is essential to x Gs 
corrosion is commonly present. Carbon dioxide which plays an a 
important part in corrosion is always present in the air and is present = 
in greater or less degree in nearly all ground waters. Acids accelerate eS 
and alkalis retard corrosion of iron somewhat in proportion to the 
degree of acidity and concentration of the base. 

Internal corrosion of water pipes often results in greatereconomic = 
loss than external corrosion, for by tuberculation the carrying capac- @ 
ity under a fixed head is reduced or the head which it is required to } ee 
pump against for a given discharge is increased and with it the cost aa 
of pumping. 

Prevention of corrosion of the interior surface of water pipes of a . 


distributing system may be accomplished with a very fair measure of — 
success by use of the following modern methods and materials: a _ 

Linings. Distribution and transmission main pipes of cast iron, a 
wrought iron or steel should be lined with cement or bituminous >: 
lining applied centrifugally and with substantial thickness; or for = 
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reinforced concrete, centrifugally spun. Alkalinity resulting from 
cement lining is objectionable for a period of one or two months 
only. 

Service pipes for corrosive or tuberculating water should be not 
less than one inch minimum size and made of copper, red brass or 
lead below two inches diameter. Lead pipe should not be used with 
acid waters as the lead may go into solution, one part per million or 
more may result in cumulative poisoning of consumers. Service 
pipes two inches and larger should be made of cast or wrought iron 
with cement or bituminous lining centrifugally applied if available or 
otherwise applied by the use of a mandrel for application of the 
cement, or by dipping in hot asphalt. 

Chemical treatment of the water by the addition of lime thoroughly 
mixed with the water at the point of application to increase its 
alkalinity decreases the rate of corrosion in proportion to the con- 
centration. 

The hydrogen ion concentration or pH value, as shown on a colori- 
metric scale, is a convenient and reliable measure of the degree of 
acidity or alkalinity of a solution in grams per liter. Acid properties 
of solutions are due to hydrogen ions and alkaline properties are due 
to hydroxide ions. When these ions are present in equal amounts 
the concentration of each is 10~7 and the solution is neutral as would 
be the case in pure water. This numerical index 7 is, for convenience, 
expressed as the log of 
Boe tie’ 

9) 


Jon 


hydrogen ion concentration 


which is given the symbol pH. Pure neutral water therefore, or 
any other neutral solution, has a pH value of 7; acids pH values less 
than 7; and alkalies pH values greater than 7. 

Observations on iron pipes carried on over several years, showed 
that an increase of the pH of the water from 7.8 to 8.7 reduced the 
solution or loss of iron by corrosion 50 percent. To obtain this 
result required hydrated lime dosage (90 percent available hydrate) 
of 26.4 pounds per million gallons for the former and 36.7 pounds for 
the latter. 

pH values even in excess of 9.0, as pointed out by numerous in- 
vestigators, will not stop the solution of iron on fresh surfaces. These 
or lower values as low as pH 8.0 will produce satisfactory conditions 
in most pipes, however, as they are generally protected either by an 
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artificial coating or by rust and corrosion, and tuberculation is greatly 
reduced. 

A high pH value is more corrosive to zinc than low pH water and 
will rapidly destroy zine galvanizing. It does not seriously affect 
brass or copper tubing and greatly reduces the corrosion of iron and 
lead pipes. 

Calcium carbonate or sodium silicate either of which is often found 
in water supplies or which may be added, renders the water alkaline 
and less corrosive by forming a film on the walls of the pipe which 
retards corrosion. When metal corrodes a thin film of metallic 
salts collects next to the metal and produces an alkaline film barrier 
which retards corrosion. 

The ideal chemical balance for a water is for it to be saturated with 
calcium carbonate, as this will form a membrane over pits and 
tubercles tough enough not to break and thus prevent further cor- 
rosion or tuberculation. 

Where serious corrosion results in choking small pipes in building 
supply lines, the rust may be dissolved and removed by hydrochloric 
acid to which an inhibitor has been added to protect the pipe. Flour 
or bran added to the solution in the proportion of pound per cubic 
foot of pickling solution will protect the exposed weaned The inhib- 
itor will work best at a temperature of about 160°F. 

Immersion tests made by the American Society for Testing Mate- 
rials and by others have shown that for the prevention of corrosion 
on the interior of pipes carrying fresh hot or cold water, copper 
bearing steel or iron possesses no advantage over non-copper bearing 
metal, but for salt water the life of the pipe is increased in proportion 
to the copper content up to one percent. 

Chlorine, when used to sterilize water should be injected into a 
pipeline where it is most favorable for quick and thorough mixing 
in the water to prevent corrosion of the pipe; or it may be injected 
at the end of the pipe where it discharges into the reservoir. Aeration 
will remove carbon dioxide. 

Cleaning water mains to remove tubercles produces good results at 
first but the tubercles form more quickly after each cleaning due to 
injury to the protective coating and fresh exposure of the metal. 

Hot water pipes and boilers corrode more rapidly than other parts 
of the system and to avoid trouble the temperature of the water in 
the boiler should be kept below 160°F. When too hot the lowering 


of pressure due to turning on the faucet releases gases dissolved in 
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the water and the disturbance stirs up rust in the bottom of the 
tank. 

Tuberculation of the interior walls of iron water pipes in many 
localities presents one of the most difficult problems confronting the 
water works engineer. A tubercle has been described as ‘“‘a limpet- 
like structure arising from the surface of iron in close formation 
resembling barnacles, each incrustation consists of a cone-like struc- 
ture which grows by the addition of concentric layers, the central 
portion being black and soft when fresh with a small percentage of 
sulphite of iron which becomes red upon exposure to air. The middle 
layers are composed of ferric oxide and the outer layers chiefly of 
ferric oxide interspersed with hard black layers of magnetic oxide of 
iron.”’ 

Analyses of tubercles removed from the interiors of numerous old 
cast iron pipes after many years of service in widely different sections 
of the eastern and southern United States showed close similarity in 
mineral and chemical composition, with the following average values 
in percent: iron 51.2, silica 3.88, phosphorus 0.16. 

Bog ores are known to be formed of the bodies of higher bacteria 
which collect iron in and on their bodies from the waters of the lake 
in which they are found and finally settle to the bottom by their 
increased weight where they colonize, multiply and grow on the 
outside of their own dead bodies forming nodules in concentric layers. 

Close similarity is observed between the composition, formation 
and properties of iron tubercles and bog ores, limonite and ochre beds 
from widely separated sections of the Country which showed upon 
analysis average percents of iron 49.5, silica 5.2, phosphorus 0.33. 
The close similarity between bog ores which are of bacterial origin, 
and iron tubercles, both in composition, appearance and manner of 
growth, indicates bacterial origin of iron pipe tubercles also. 

The bacterium crenothrix oxidizes and precipitates iron about any 
firm object to which it can cling and many other bacteria found in 
numerous parts of the world are recognized as iron gatherers. 


The skeletal remains of several different kinds of bacteria found in — 


bog ores from many different localities are the same as those found in 
tubercles taken from pipes in widely separated localities, some of 
which were over 100 years old and still in excellent condition except 
for interior roughness. 

Pipes with lining in good condition have been entirely closed by 
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pacteria. ‘Tuberculation may form with very little corrosion of the 
pipe but iron gathering bacteria require a minute spot of bare iron on 
which to colonize and build up a tubercle the growth of which depends 
ypon the water carrying iron in solution, preferably in excess of two 
parts per million, and with a suitable pH value, preferably slightly 
acid. Tubercles cease to form as soon as the pipe is emptied of water, 
though corrosion will continue. 

Constant renewal of iron and manganese on the interior walls of 
iron pipes from the water supplied to them is often mistaken for 
corrosion. Inspection of many samples of pipe removed from dis- 
tribution systems shows beyond doubt that what is termed tubercula- 
tion is in most cases due to deposition of iron from the water as ferric 
hydroxide and not to solution of iron from the pipes followed by 
deposition. 

The only method of cleaning the tubercles off the pipe is by means 
ofa rotary scraper. This will restore the pipe to 90 or 95 percent of 
its original carrying capacity, but it may injure the pipe lining and 
does not stop the original growth, and tuberculation has been found 
to form very rapidly following cleaning. 

Prevention of tuberculation is definitely accomplished only by the 
use of cement or bituminous lining with very appreciable thickness 

and density, as when centrifugally applied. ald 

Pipe linings by the application of calcarious cement or heavy bitu- 
minous mixtures, both centrifugally applied with substantial thick- 
ness, afford the most effective method of preventing corrosion in any 
form. This method, with careful handling of the pipe to avoid injury 
to lining and thorough painting of raw ends where pipe is cut, pro- 
vides full protection in the original manufacture of the pipe and 
avoids the necessity of any further treatment of the pipe or future 
treatment of the water. Such linings reduce friction, protect the 
pipe from corrosive action of the water, reduce dead-end and red 
water troubles, resist the attachment of adhesive growths and prevent 
tuberculation, thus preserving the carrying capacity of the pipe over 
along period of years. These linings are about as permanent as cast 
iron pipe and will withstand practically all underwater corroding 
influences. 

Cast iron pipe properly lined to increase and preserve its surface 
smoothness and carrying capacity after years of service is unsurpassed 


by any other pipe material for general use except in very small sizes. 
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Linings should be of sufficient thickness to substantially cover aj] 
surface roughness caused by sand cores, prevent pin holes, air bubbles, 
ete. and withstand corrosive action of the water and erosion of the 
- small quantity of sand that may be carried along by the flow at 
_ scouring velocities. The minimum thickness required to give good 
results is found to be 3; inch. 
! The cost of centrifugal linings of either cement or bitumen which 
_ will afford permanent protection of the pipe surface and maintain the 
_ earrying capacity, is about ten percent of the cost of cast iron pipe 
unlined, delivered along trenchside on the Pacific Coast. As the cost 
_ of the pipeline installed in city streets, including street repairs and 
~ overhead charges, is about double the cost of the pipe alone, the total 
net increase in cost of lined cast iron pipe over the cost of unlined 

dipped cast iron pipe is about five percent; which in terms of service 
as measured by pressure and pumping power charges is by far the 


part of the investment. 


Cement lining of pipe was first used by the French for the protec- 
tion of cast iron mains almost 100 years ago and investigation of pipe 
corrosion made by the French Academy of Science in 1836 led toa 
favorable report as to its effectiveness in preventing oxidation and 
tuberculation. Cement lined cast iron pipe was first laid in the 
United States about seventy-five years ago in New England and is 
still giving satisfactory service. 

After the Civil War thin sheet iron riveted pipe covered outside 
and inside with 4 to ? inch of cement was used in eastern and southern 
cities, some of which is still in service after fifty years use. 

On account of the corrosive action of the soft waters in a number of 
cities in the southeast section of the United States it has been neces- 
sary to remove much old pipe, including galvanized service pipes, and 
line them or replace them with lined pipe. 

In West Palm Peach old 1- and 2-inch pipes were taken up and 
lined with cement mortar ;g inch thick made of two-parts by volume 
of Portland cement, one-part sand and one-part water. The lining 
was applied in the old fashioned way by pouring the section of pipe 
full of mortar while in a vertical position and then shaping and com- 
pressing it against the pipe walls by pulling two self-centering man- 
 drels through the pipe, the first being }-inch less and the second }-inch 


_ less diameter than the unlined pipe. The author has in his possession 
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a section of 1-inch black wrought iron pipe cement lined 33-inch thick 
in this manner which was removed from service in an eastern city 
after 68 years use and the pipe walls are still in good condition. 

The early history of cement lining of pipes, remarkable as it has 
been, refers to linings applied by means of mandrel, float or brush 
which for density does not compare with the modern cement lining 
applied by centrifugal force. 

Cement lining of cast iron pipe centrifugally applied as per Stand- 
ard Specifications of the Cast Iron Pipe Research Association adopted 
in 1925, is made of 1-part screened sand to 3-parts Portland cement 
by volume, with only sufficient water to properly distribute the 
mortar in the pipes. This mortar is applied on the clean iron surface 
of the pipe without any tar coating. After spreading it evenly 
over the interior surface by means of a long trough-like ladle, the pipe 
is revolved at an initial peripheral speed of 300 feet per minute 
sufficient to set the aggregates firmly in place without segregation, 
increasing immediately to a speed of 600 feet per minute and con- 
tinuing until a smooth interior surface is obtained. 

Cement that is the least soluble in water will minimize the water 
hardness which is sometimes objectionable for a short time after 
putting a new main in service. A cement that is about ¢ as soluble 
as Portland cement is used by one pipe company to prevent water 
hardness. 

The alkaline condition resulting from the use of cement lining is an 
important factor in retarding the growth of iron-gathering bacteria. 
An iron-bearing water containing organic matter, if slightly acid, 
will readily tuberculate but if alkaline it will not tuberculate. If 
hardness or taste were to be feared both could be prevented by 
spraying the lining with asphalt after the cement lining had cured at 
the foundry, as has been done for New York City. 

Carbon dioxide or magnesium sulphate in the water will cause the 
solution of calcium carbonate in the cement lining and also in the 
protective coating which forms naturally on the walls of the pipe. 

The author has laid several miles of cement lined cast iron pipes of 
sizes from 4 to 24 inches diameter in the distribution system of the 
City of Alhambra since it was first made centrifugally and our ex- 
perience has been entirely satisfactory since the carriers have learned 
to handle the pipe with reasonable care to avoid cracking the lining 
at the spigot ends by hard bumps and the workmen have abandoned 


the use of chisel and hammer for chain pipe cutters to avoid shattering 
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the lining when cutting the pipe. No complaints have been made on 
account of increased water hardness. 


Bituminous lining 


_ Bituminous lining of pipe as distinguished from the old method of 
coating the pipe both inside and outside with a thin film of tar by 
_ dipping it into a tank of hot tar and suspending it vertically to drain, 
marks great forward progress in the use of this material which when 
properly applied with sufficient thickness possesses lasting qualities 
___ superior to concrete in some respects. 

The old tar dip which furnishes only a thin film of protection to 
both inner and outer surfaces of the metal has given good protection 
to wrought iron and steel pipe for many years where soil and water 
_ conditions have been favorable, but the coating is too thin to afford 
permanent protection. 

Thin gauge riveted steel pipe has been used here in the west as a 
necessary development to meet the needs of the early mining and 
___ irrigation enterprises and it has fitted well into the later requirements 

of real estate subdivisions in which temporary pipes having a useful 

life of twenty to thirty years have served until the permanent water 
requirements of the districts have become better known. 

Bituminous dips made of refined coal-tar pitch and natural and 

pice artificial asphalts are in common use for lining and coating iron and 

‘ steel pipes for water and gas laid underground. Coal tar pitch is 

less subject to deterioration underground than the asphalts, but it is 

Be. more susceptible to temperature changes. Coal tar pitch has a range 

-) 7 of about 45°F. between brittle and softening points while some as- 


ar phalts have a range of about 125°F. This is important when pipe is 
= shipped to points of rather extreme temperature ranges for if the 
3 climate is too hot the dip will run and if too cold it will crack. 

Ps: The physical properties of bituminous dips can be improved by 


adding insoluble mineral constituents as Portland Cement, ground 
slate, limestone, or asbestos fiber, which permit the use of more 
adhesive asphalt which will flow less readily. 

— Single-dip coatings average about 35-inch thick and are unsuited 
..: for use in most soils. Double-dip coatings may average 74-inch 
thick. But the dip in draining off the pipe after removing from the 


= bath often flows in streaks unless very slowly removed and rapidly 
iy Ps cooled to prevent flowing. The useful thickness of dip is that found 
.. on the thinnest areas, for there is where the pipe will leak first. A 
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smoother and better surface will be produced by dipping in a vertical 
position than in a horizontal position and the carrying capacity will 
increase correspondingly. Mr. Nicholas 8. Hill has found that a 
yariation of 30 percent in the carrying capacity of dipped pipe may 
result as between smooth and streaked surfaces. The ordinary tar 
dips which are merely washes have many minute pin holes and spots 
of bare iron, and pipes coated thus offer a fine field for the colonization 
of iron gathering bacteria. 

Bituminous lining centrifugally applied has been developed within 
the last few years both in the United States and in England and her 
colonies. ‘The United States product is called Bitumastic Enamel 
and the English product is called Talbot Lining. 

Both are alike in that they are applied centrifugally while hot and 
produce a dense, thick, permanent protective lining having a hard 
uniform surface almost as smooth as glass, which adheres tightly to 
the pipe and offers the minimum resistance to flow and the maximum 
resistance to internal corrosion, incrustation or tuberculation, 

Bitumastic enamel has a pure coal tar base and is applied after the 
bare surface of the iron has been primed with a coat of Bitumastic 
solution. It has been used successfully for about twenty years 
throughout this country on pipelines and steel structures in the soil, 
in industrial atmosphere and in fresh and salt water on harbor and 
municipal works. 

The author has laid over seven miles of Bitumastic lined cast iron 
pipe of all sizes from 4- to 24-inch during the past three years. Our 
first order was for 2.5 miles of 20- and 24-inch centrifugal cast iron 
pipe in 1930 which was the first order for this type of lining ever 
shipped to the Pacific Coast and the second in the United States. 
This is the smoothest lining made as shown by tests of friction loss 
in many kinds of pipe. No taste has been imparted to the water by 
the material in the lining. In southern climes pipe lined with bitu- 
mastic enamel, if laid in the summer time, should be placed in the 
ground promptly as the lining is apt to flow some if exposed to the 
direct rays of the sun when lying on the ground. This may be pre- 
vented by whitewashing the outside of the pipe or by storing it 
under a shelter while in the yard. 

Lead joints should be poured as cool as practicable to avoid melting 
the lining or lead substitutes should be used which melt at lower 
temperatures. This difficulty was not experienced in our work since 
cement joints are used except at gates and fittings. iG 3 
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Talbot lining is made of a selected asphalt bitumen mixed with a 
chemically inert filler. It is successfully used in many parts of the 
eastern hemisphere and in South America, and is found to be a very 
superior type of lining. In England and in France instances are op 
record of Talbot lined cast iron pipes carrying active waters, some 
containing dilute sulphuric acid, others, acid waters from coal mines 
and still others carrying water containing phosphoric acid and large 
quantities of silt. These have been in service from two to six years 
without failure of the linings. 

Galvanized wrought iron and stee! pipe lined and coated both 
inside and outside by dipping in a bath of molten zine is the most 
commonly used form of metallic coating. This forms an imperfect 
covering generally not of uniform thickness. The threads which are 
usually cut after galvanizing expose the bare iron to corrosive action 
of the water; galvanic current passing from zinc to iron removes the 
zine at the threads exposing large surfaces of iron to corrosive action, 

In the City of Alhambra old ?-inch galvanized service pipes have 
been removed in which the area of opening was reduced one-third by 
rust and tuberculation and on couplings where pipe ends have not 
been jammed tight home the rusting of exposed threads has reduced 
the effective pipe area two-thirds. It has been found that small 
galvanized service pipes soon become badly corroded both inside and 
outside, the life of such services varying from five to twenty years in 
different sections of the City. Copper service pipe is now being used 
for sizes under 2 inches and cast iron pipe for sizes 2 inches or larger. 


SOIL CORROSION 


Soil corrosion of underground pipes is caused by action of chemicals 
in the soil and ground water and cannot take place in the absence of 
moisture. Temperature, soil characteristics, conductivity and stray 
electric currents all effect the rate of corrosion. 

Chemical analysis of an average of several samples of soil taken 
with all its moisture content with an earth auger full depth to bottom 
of ditch will reveal all chemicals to be encountered and indicate 
whether the pipe should be protected with an expensive coating. 
Strong alkalis and all soil acids are corrosive, but chlorides and 
sulphates seem to be the most harmful. Calcium carbonate or lime- 
stone has an inhibiting action where corrosive chemicals are present, 
but soil conditions have usually hastened the destruction of under- 
ground pipes. Arid regions are usually alkaline while regions of 
abundant vegetable growth are usually acid. i 
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Soil corrosion is a more complicated problem than atmospheric or 
water corrosion as it is more difficult to determine the character and 
extent of the destructive agencies. Soil conditions as distinguished 
from stray currents are responsible for a large portion of the replace- 
ments of underground pipes. 

There is little difference in the rate of corrosion of ordinary wrought 
jron and steel as now manufactured. The purer the iron the greater 
its resistance to corrosion. Cast iron, which is granular in structure, 
ismore homogeneous than wrought iron and steel which are somewhat 
laminated by rolling but, as it possesses less tensile strength, pipe 
made of cast iron has much thicker walls than pipe made of wrought 
jron or steel to withstand the same pressure. 

Soil surveys to determine the corrosive power of soils and the most 
suitable kind of pipe and form of protection, if any, for available 
locations and at minimum cost are of great importance to the water 
works interests and to all other owners of underground pipes. The 
problem of protection involves a determination of the character of 
the soil through which the pipe is to be laid, its texture as regards 
drainage, its chemical constituents and the extent and magnitude of 
stray earth currents. Before laying important pipelines careful soil 
and electrolysis surveys should be made to determine these facts. 

Prevention of soil corrosion of underground pipes as well as other 
ferrous structures can be accomplished only by use of a continuous 
unbroken coat of protective material. A good material poorly 
applied affords about as poor protection as a poor choice of material 
for corrosion cannot be eliminated simply by using a purer metal. 
Chemical constituents, soil texture, soil stress, climate and drainage 
in different localities require different degrees of protection for the 
pipes. Variations in local soil condition may affect the life of steel 
pipe as much as 100 percent or more. Corrosion is most active on the 
bottom of the pipe and in reconditioning a section of the line the pipe 
should be turned over when replaced. 

Tests have been carried on over quite a number of years and are 
still being continued in many parts of the country by representative 
institutions including the United States Reclamation Service, U. 8. 
Dept. of Agriculture, Bureau of Public Roads, Bureau of Standards, 
California and numerous other State Highway Commissions, Ameri- 
can Petroleum Institute, American Gas Association and Light and 
Power Companies in which many thousand samples of pipe have been 
tested in scores of different soils using almost every conceivable 
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kind and combination of coatings on nearly every kind of ferrous 
metal exposed to all conceivable combinations of atmospheric corro. 
sion, underwater corrosion and soil corrosion. 

The Bureau of Standards summed up the results of these tests g 
few years ago in a brief statement to the effect that “soil character. 
istics, rather than differences in composition of the ferrous pipe 
materials, appear to determine the type and extent of corrosion 
observed.’’ These tests showed that many of the coatings in use 
today are unsatisfactory in bad soils and that soil stress is responsible 
for breaking down protective coatings on many underground pipe- 
lines. It is expected that the results of these co-operative tests will 
lead to a still better understanding of the complicated problems of soj] 
corrosion and to the production of more durable coatings for use 
underground. 

Copper alloy added to the iron for underground water pipe construc- 
tion is of much less importance than the purity of the iron. It has 
been shown that copper alloy in iron or steel exposed to the atmos- 
phere prolongs the life of the metal very materially, while for under- 
water exposures the copper is of no appreciable benefit. For water 
pipe buried in the soil which practically excludes the air, the ad- 
vantage of copper alloy iron and steel is doubtful although it is 
believed to extend the life of the metal somewhat, the maximum effect 
being obtained with about 0.2 percent copper. It is to be preferred 
to the ordinary Bessemer steel made by passing a blast of compressed 
air through the molten metal in the converter, by which the impurities 
in the pig iron are consumed. It may also add somewhat to the 
lasting qualities of Open Hearth, commercially pure ingot iron. 
This is made from specially pure raw material refined at a higher 
temperature and with more expert treatment than is used in the 
Bessemer process, and results in the reduction of impurities to about 
0.15 percent which is nearly pure iron known asferrite. 


act 


Pipe coatings for protection of the outside of the pipe from soil 
corrosion are in general made of the same material as pipe linings and 
any differences are usually on account of the methods by which they 
are applied, e.g. zinc galvanizing and bituminous films, both of which 
are applied by dipping, are used alike on both inner and outer surface, 
while bituminous coating reinforced with felt or burlap wrapping 
cannot be applied to the interior surface, neither can centrifugal 


linings be applied to the outer surface. 


Pipe coatings 
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Cement gunite coating applied not less than -inch thick reinforced 
with galvanized welded fabric or expanded metal equal to 0.3 percent 
area of the concrete protects the pipe from soil corrosion and to some 
extent from electrolysis and increases the crushing and bursting 
strength of steel pipe very materially. The gunite is so dense as to 
practically exclude water and the soluble salts from contact with the 
walls of the pipe. Cement coatings are not proof against electrolysis, 
neither can they be used in soil where the ground water contains salts 
or alkalies which attack this material. 

Riveted steel pipe covered with 3-inch of gunite reinforced with 1- 
inch mesh poultry netting was laid in San Diego County in severe soil 
conditions over fifteen years ago under direction of the late J. D. 
Schuyler and when examined recently the gunite was found in 
excellent condition and the surface of the pipe which had been dipped 
in asphalt before guniting was bright as new; whereas another section 
of the pipeline which was not gunited required extensive repairs and 
treatment after thirteen years. 

Bituminous coatings made from coal tar pitch adhere to the pipe 
better than asphalt, but are more brittle and crack worse in cold 
weather while the asphalt will run worse in hot weather, but coal tar 
is more susceptible to temperature changes than asphalt; the range 
of the former between brittle and softening being about 45°F. and 
of the latter about 120°F. The addition of Portland cement, ground 
slate or limestone permits the use of more adhesive asphalt which 
is less susceptible to temperature changes. A good bond between the 
first coat and the pipe is the main consideration in all bituminous 
coatings. 

Bituminous dip coatings have given a fair degree of satisfaction in 
favorable soils, where well drained, not too rocky and with mild 
chemical content but the Bureau of Standards has found by many 
tests that in general a coating superior to any of those tested is 
needed, none seem to give satisfactory protection although special 
wrapped pitch coatings give the best results. Such coatings will 
cost about 8 cents per square foot of pipe surface covered, but even 
these are not effective in preventing soil corrosion. 

Wrapping dipped pipe with saturated cotton fabric burlap or felt 
wrapped spirally will increase the thickness of the outside coating 
about 75-inch for each ply of felt and thus greatly increase the pro- 
tection to the pipe by increasing the waterproofing, preventing crack- 
ing and flowing of the dip and injury in handling. 
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A good bond between the pipe and the first wrapping is most 
important as water tends to collect in air pockets, also all injuries to 
the dip or wrapping should be thoroughly repaired by use of fresh 
material before backfilling the trench. Threaded ends of pipe should 
be protected by wrapping before dipping. 

Bituminous films having no substantial thickness are of little value. 
These often result from a single dipping or too long an immersion in 
too hot a bath followed by too rapid withdrawal from the vat even 
after more than a single dipping. Soil stress produced by settlement 
of the backfill will distort some coatings, coal tar pitch is somewhat 
more resistant than asphalt and the enamel should be relatively hard 
to resist the movement of the soil. 

Paint coats, which are well suited for protecting the metal from 
atmospheric corrosion possess little or no value for use underground, q 


ELECTROLYSIS 


_ Electrolysis or electrolytic corrosion occurs in water pipes when an 
electric current of external origin, usually stray direct current from 
the return circuit of a street railway system or from electric power 
_ circuits whose rails are not properly bonded, flows from the pipe which 

_ then becomes the anode, electrode or positive pole, and is manifest 
at the point where the current leaves the pipe where it causes solution 
of the metal and localized pitting. This is one of the principal 
~ causes of corrosion in water mains. The amount of metal corroded 
by the current, according to Faraday’s Law will equal one chemical 
— equivalent of a metal for every 96,550 coulombs of electricity flowing 
- from the metal. This will equal 27.9 grams of iron corroded for each 
96,550 coulombs or ampere-seconds. 

It is difficult to distinguish between electrolytic corrosion and soil 
- corrosion as they are closely associated and have the same appearance. 

The product is largely ferrous oxide and usually appears like graphite, 
which, if active can be seraped out of the pit exposing the bright 
metal. 

Under favorable conditions a continuous flow of one ampere would 
remove in one year approximately 20 pounds of iron or 70 pounds of 
- lead. No injury is apparent until the current leaves the pipe and 

enters the soil. Injury to the interior of the pipe is extremely rare. 

Electrolysis may occur between any two pipes of different metals or 

different potential or electric conductivity, laid in moist earth. Con- 

nections between pipes of different metals should be made with 
insulating joint material. 
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Of two pipes laid parallel and in close proximity in the soil the 
deeper pipe is anodic to the shallower and will rust the more rapidly 
because of the excess moisture surrounding it; also of two pipes laid 
adjacent and at the same depth the newer pipe is anodic to the older 
because of the coating of rust on the latter which insulates it. 

Pipes laid parallel in the soil should be at least four feet apart in 
order to prevent the flow of galvanic current. 

Observations of soil resistivity to electrical conductivity indicate 
that very little corrosion occurs in soils having a resistance of over 
1,000 ohms per cubic centimeter. 

The telephone and lighting interests, which use alternating electric 
current, desire to and frequently do ground the extremities of their 
systems to water service pipes in order to provide a metallic return 
circuit for their current and thus improve the quality of their services 
without the expense of return wires. It is claimed by these interests 
that their alternating current usually at low voltage, does not injure 
the pipes, because the constant reversal of current flow tends to 
plate back onto the pipe the metal removed during each half cycle. 
This is true to a great extent and with alternating current at com- 
mercial frequency the net loss of metal is usually less than one 
percent of that computed above by Faraday’s Law. Even this small 
loss concentrated at a vulnerable point on the pipe and acting con- 
tinuously might cause a leak. 

In addition to the alternating current telephone and lighting 
systems may sometimes carry stray direct current from electric rail- 
way systems which constitute a direct hazard to the water works 
property and to the safety of employees. 

The American Water Works Association through its Executive 
Committee and its Special Committee on Grounding of Electrical 
Circuits on Water Pipes, has repeatedly registered its opposition to 
the grounding of electric wires, including telephone, to water pipes, 
because of possible damage to the pipes through future increase in 
voltage, careless workmanship and inspection, and the difficulty of 

enforcing the necessary measures to prevent damage, such as provid- 
ing current arresters at all grounds to pipes. 


Prevention 


A survey to determine the extent of stray current should be made 
on alternate routes, if there are such, before final selection of the 
location for large trunk line pipes. Voltmeter readings between fire 
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hydrants or other services on the pipe system and the rail or other 
power conductor, recorded automatically on a 24 hour chart wil] 
indicate the amount of current, duration and direction of flow and 
whether the pipe be positive or negative. This record taken at 
hazardous locations will indicate the region where damage to pipes 
may be in progress, but it does not indicate the rate of depreciation 
unless the soil resistivity is also known. If in heavy moist clay soil 
the damage will probably be severe, but if in light dry sandy soil it 
may be only slight. The voltage gradient existing in the earth should 
not exceed one volt per thousand feet to be reasonably safe. 

Bonding the rails to prevent passage of the current into the soil is 
the first preventive measure where current is found in existing pipes 
and this has generally been pretty thoroughly done by the railway 
companies, who are glad to codperate to eliminate this hazard to 
underground pipes, for which they can be held responsible if negligent. 

Insulated joints and pipe coatings are mitigative measures. A 
pipeline passing from soil of low resistivity to soil of high resistivity 
should have frequent insulated joints to resist the flow of electric 
current. Several insulated joints should be placed in the dry soil on 
either side of low wet areas. All such joints and the pipe for a few 
feet on either side should be painted with tar or asphalt to increase 
their effectiveness. In service connections an insulating joint will 
prevent the flow of current from contacts on private premises. A 
potential difference of 0.4 volt across each bell joint is too high for 
safety with non-metallic joint materials like cement and leadite. 
Cement offers high resistance to the flow of stray current. In the 
Alhambra Water Department cement joints have been used on all 
cast iron pipe for the past 12 years. Leadite joints when new offer 
_ nearly as great electrical resistance as cement but after a few years 
service this has been found to decrease to a small portion of its 
original value. 

Steel pipelines laid with welded joints thoroughly coated with hot 
tar inside and outside are electrically continuous and suffer less than 
pipes laid with driven joints. 

At railroad crossings and at pipeline, cable and other metal cross- 
ings, pipes should be wrapped with 2 or 3 ply of burlap with a heavy 
coat of tar pitch over each wrapping to form a coating at least 4-inch 
thick over the pipe, including bells of cast iron pipe. Electrical 
connection should be made between pipes in close association. 
should be laid as from railroad tracks as 
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TREATMENT OF FERROUS PIPE 
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Graphitic corrosion or softening of cast iron pipe occurs in certain 
corrosive soils particularly those containing calcium sulphate or 
similar salts. It also occurs in sea water. In cast iron the iron 
particles are the most anodic while the graphite particles are the 
most cathodic and the other less active cementing ingredients are 
more neutral. This results in the iron going into solution while the 
graphite remains and the pipe, though it may retain its shape, will 
have lost nearly half its weight and will possess little strength. 
Gray cast iron, which is composed chiefly of ferrite and graphite crys- 
tals, suffers most from graphitic corrosion while white cast iron which 
contains an excess of cementite and little graphite, though much 
more brittle, does not corrode in this way. ee eee 


Centrifugal cast iron pipe is dense and fine grained and is not so 
likely to suffer from graphitic corrosion. Malleable cast iron is not 
subject to graphitic corrosion. 

The environment in which a pipe is placed, protective coating and 
lining, care in handling, insulating joints, soil drainage, treatment of 
water, etc, will influence the life of the pipe much more than improve- 
ments in composition or treatment of the metal. 

COMPARISON OF FERROUS PIPE METALS } 
teat A 

Cast iron pipe for the smaller lines of a distribution system possesses 
the merit of moderate first cost, greatest permanance and least 
maintenance. For large sizes and pipes under heavy heads, steel is 
usually better and for very large pipe, steel and concrete are well 
adapted. 

Cast iron pipe has experienced rapid development during recent 
years. First there was the old method of casting vertically by 
pouring the molten iron into the top of green sand refractory molds 
which produced a tough pipe not very dense, with some blow holes 
and with somewhat poorer metal at the top caused by slag segrega- 
tion. Then came casting centrifugally against a bare metal outer 
form. This chilled the outer surface of the pipe which made it 
difficult to tap and set up severe internal stress in the pipe walls. 
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openings on the side of green sand molds in order to prevent slag 
segregation at end of pipe. And lastly came spun pipe cast centrif- 
 ugally against a metal outer form lined with green sand. This 
produces at once a dense pipe of great strength free from slag segrega- 
7 viet tion, chill, and internal stress, which taps and cuts well. The 
sting structure of gray iron pipe cast in refractory molds is, by its 
texture, peculiarly adapted to resist corrosion and it is still doubtful 
Te ‘ = spun pipe, with granulation less pronounced, with greater strength 

: and made with thinner walls, will resist corrosion as well as pipe with 
thicker walls cast by pouring into green sand molds. 

Concrete spun pipe, reinforced with circumferential steel to with- 


mains under moderate heads. Such pipes are very dense and are of 
course free from rust and tuberculation and maintain a high carrying 
capacity. For high heads it is not so well suited as cast iron or steel 
on account of the difficulty of procuring watertight joints and for 
distribution mains it is inferior to cast iron pipe because of the 
greater difficulty of tapping for services and lateral connections. 

Our experience has been satisfactory with about 5800 feet of 18- 

_ ineh diameter pipe of this class. This pipe was laid in Alhambra 
three years ago under fairly heavy traffic for low pressure transmission 

_ to operate under a maximum head of 100 feet. At the start some of 
the joints dripped slightly, but this soon ceased and the line has 
remained tight. 

. A test made soon after completion showed leakage under 96 foot 
- _ head at the rate of 267 gallons per day per mile per inch diameter of 
pipe. This was slightly in excess of the guarantee under which the 

_ pipe was purchased, but when put into service the joints soon became 
tight. 
Concrete spun pipe is in successful use in many lines operating 
under moderate heads. It is less expensive than metal pipe and is 
free from corrosion and tuberculation. It should not be subjected 
x to excessively high velocities or to water carrying much sand as these 
might cause erosion of the pipe. 
res The behavior of reinforced concrete in construction is not as 
definitely known as that of iron and steel and, therefore, a greater 
; degree of uncertainty attaches to this kind of pipe. The pipe is 
a made in shorter lengths than used in metal pipes and unless the 


will be decreased. 


a. joints are carefully pointed smooth on the inside the carrying — 
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A value for ‘“‘C”’ in Williams-Hazen formula of 140 for large new 
cement pipe and 110 for small pipe has been suggested by Mr. 
Scobey. Estimates of 75 or 100 years life for well made reinforced 
concrete pipe have been made after over 25 years use in this country. 
Cement lined and covered wrought iron pipe of large diameter in- 
stalled in the Boston Metropolitan Water System in 1871 shows no 
signs of deterioration after 60 years in service. : 

CARRYING CAPACITY OF PIPES—INFLUENCE OF LININGS ae 

The useful life of a pipeline is the most important feature to be 
considered in selecting the material of which it is to be made and the 
tyep of lining to be applied. Many important considerations enter 
into the problem of selecting the best material for a given use, such 
as first cost and annual expense on investment and maintenance; 
permanence of the pipeline; relative carrying capacity of pipes with 
different linings due to different degrees of smoothness and coefficients 
of flow and the permanence of the carrying capacity effected by 
deposits, corrosion, tuberculation or abrasion. The quality of the 
surface should not change materially throughout the life of the pipe 
for the useful life of the pipe is measured by its sustained carrying 
capacity. 

In pipes properly designed for a given flow the velocities should be 
high enough to prevent deposition of silt and sand and too low to 
cause abrasion. 

The carrying capacity is practically the same for all pipes with 
cement or bituminous linings of substantial thickness centrifugally 
applied. Pipes lined thus have the highest carrying capacities of 
any pipes made and with most waters this remains practically 


permanent. In the Williams-Hazen formula for the flow of water in 


pipeswhichis 


the value of the friction coefficient, ‘“C’”’ has been found to vary with 
the different classes of interior surface as follows: 


Old dipped pipe 
Centrifugal cement or cement lined pipe................... C = 145 
Centrifugal Bitumastic lined pipe.....................--5. C = 155 
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The permanency of the carrying capacity of pipe with centrifugal 

— lining which will probably remain at 80 to 90 percent of its original 
~ value, is much more important than its extra cost which is about 5 
percent, computed on the total cost of a cast iron pipeline laid in an 
ordinary surfaced street. 

We have found tubercles in dipped cast iron and steel pipes which 
practically covered the interior surface of the pipe, some of which 
_ were j-inch high It has been found that the hydraulic effect of this 
condition in a 16-inch main was to reduce the actual area by nodula- 
- tion about 6 percent while the effective area was reduced over 40 
percent and the carrying capacity nearly 50 percent. 

_ Two years ago we laid two miles of 20-inch class 100 DeLavaud 
_ spun cast iron bell and spigot pipe with bitumastic spun lining 4;-inch 
_ thick for service as a force main which carries 6.2 cubic feet of water 
-_-per second from the Longden Well into the City of Alhambra. The 
__- pipe was designed to carry additional water at a future date. This 
was the first pipe of the kind ever shipped to the Pacific Coast and 
second only to New York City in the entire United States. We have 
since laid a few miles of other sizes from 6- to 24-inch with the same 
a _ kind of lining as well as considerable cement lined pipe. A recent 
test of the 20-inch bitumastic lined pipe, after two years in service 

gave a value of “C”’ equal to 158. 


davone 
ECONOMY OF LINING FORCE MAINS 


The cost of this Longden pipeline laid in February, 1930, before 
the present low price levels, in a city street surfaced with one inch of 
oil and rock, including street resurfacing, was $4,560.00 per 1000 
feet. The cost of the same pipe laid without the bitumastic lining, 
but with the ordinary tar dip would have been $4,320.00 per 1000 
feet. The bitumastic lining therefore increased the cost per 1000 feet, 
$240.00 or 5.6 percent. 
Assume this plant operating ten hours per day 300 days in the 
year pumping 6 cubic feet of water per second, at a cost for power 
= of 1 cent per kilowatt-hour with an overall efficiency of 65 
percent. 
ie De F With bitumastic lining the friction head per 1000 feet is now, at the 
age of two years, 1.0 feet per thousand feet. This may increase at 
an average rate of 5 percent per year for 20 years, giving an average 
_ friction head for a twenty year period of 1.36 feet per thousand feet. 
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For the same pipe with the ordinary tar dip the coefficient ‘“‘C”’ will 
average 110 over a twenty year period, according to U. 8S. Dept. of 
Interior, Bureau of Reclamation, ‘Hydraulic and Excavation 
Tables’ Table 31, Footnote. This is equivalent to a friction head 
of 2.0 feet per 1000 feet or about 1.5 times that in the lined pipe. 

Under the above operating conditions the average annual cost of 
power to overcome the friction head in 1000 feet of lined pipe over a 
period of 20 years is $63.25 or $1,265.00 for the twenty year period, — 
while with unlined pipe it would average $94.88 per year or $1,897.60 | *. 
over the twenty year period. This saving in operating cost with = 
lined pipe represents an earning of 40 percent on the extra investment 
in lining. The pipeline will doubtless function during several times ‘ 
twenty years. This comparison is offered to emphasize the impor- 
tance of permanent and efficient linings in force mains. 

to 

Metal protected from moisture cannot corrode. fi 

Chrome-nickel up to 15 percent alloyed with iron or steel prevents 
rust in water, air or acids, but this is too expensive for ordinary use. 

Copper up to 0.2 percent increases the life of metal sheets 2 to 5 
times when exposed to the atmosphere but is of doubtful value under 
water or in soil. 

Zine galvanizing affords little protection underground. 

Copper service pipes should be used for all small sizes except for 
inactive waters and well drained soil. 

Lead paint offers good protection in the atmosphere, but is of 
little value in water. Carbon paint should never be used as a first 
coat, but only as a finish coat. | 

Tar dips applied evenly offer good protection for many years but = 
they are not permanent. ne 

Heavy centrifugal linings of cement or bitumens are most effective oe ae 
in permanently preventing corrosion. Bitumasticand Talbot linings 
are very resistant to actively corrosive waters and produce the highest 
carrying capacity of any pipe. Cement lining is subject to attack 
by carbon dioxide in the water which may dissolve the calcium 
carbonate in the cement. 

Grounding of electric light, power and telephone wires to water 
pipes should not be permitted. 

Pipe lines near railway, high tension transmission lines or power 
houses should be laid with frequent insulating joints. 


CONCLUSIONS 
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Pipes of different metals used in the same line should be separated 
with a lead gasket and protected with a coat of asphaltum. 

Tuberculation is often caused by iron-gathering bacteria which 
attach to an exposed iron surface. Complete protection of the surface 
will prevent tuberculation. 

Cleaning water mains affords only temporary relief from tubercula- 
tion, and only accelerates a second formation worse than the first, 

Alkalinity inhibits corrosion and acidity promotes corrosion. Cor- 
rosion of active water may be prevented by the addition of lime to 
yield a pH value of about 8.0. 
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UTILITY STEMS 


UTILITY DISTRIBUTION SYSTEMS IN HOUSING 
PROJECTS 


By Natuan B, Jacoss 
(President, Morris Knowles Incorporated, Pittsburgh, Pa.) 


The question of proper housing is one of the most pertinent facing 3 
the country today. There are many signs that actual accomplish- 
ment in an attack on the problem is not very far off. i Pe 

The problem arises out of the realization of the inadequate housing —__ 
facilities of the great mass of the wage earning people of American _ 
cities and industrial towns, and further that among the middle class a P 
people the cost of housing is out of proportion to salariesreceivedand 
value obtained. Within the cities, the wage earners have found it __ 
possible to buy housing facilities to a limited extent and only in con- 
fined areas, and the result has been congestion, unsanitary condi- 
tions, and an unhealthy absence of light and air, all of which we 
sum up in the one word, ‘“‘slums.”’ = 

Among the middle-class population, there has been a keen desire __ 
for individual home ownership not matched by a sufficiency of funds) : 
to provide anything more than the minimum in attractiveness, and 
this only at a cost that has been extremely sacrificial. Consequently, 
we have a middle class development whose individualism is cramped | 
in the strait-jacket of finance, and a surplus of commonplace houses BF e- 
encumbered by burdensome mortgage charges. me 

But there are unmistakable indications that something is about 
to be done to remedy the plight of the financially crippled wage- ad 
earner, and in succor of the ambitious middle class population. 

There have been spasmodic attempts at proper housing for various 
classes of people from time to time over a long period of years. 
There are many instances where industry, forced to locate in a 
particular district for reasons peculiarly appropriate to the successful 
production of goods, has had to provide housing facilities for its 
employees. The town of Pullman, built 50 years ago, and the town ee : 
of Gary, Ind., built about 25 years ago, are typical as well as two 


of the most important examples. There were also Fairfield, Ala., es 
633 
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fe Morgan Park, “Minn. , Ojibway, Ont., and Loveland Farms, O., to 
mention only a few. 
os = During the World War, a similar problem was faced by the United 
States Government and, as a result, there were planned under the 
direction of the United States Housing Corporation and the Housing 
: Fe rision of the Emergency Fleet Corporation, 150 housing develop- 
providing facilities for about 30,000 families. 
= ae Since the War, housing has progressed from an activity where it 
oy was the by-product of industry or-government, to an enterprise in 
ot - its own right. There is, for example, ie City Housing Corporation 
_ of New York, which desotibes itself as ‘‘an organization of thoughtful 
men and women who believe that this serious problem of decent 
- housing must be faced and can be solved.”” The City Housing Cor- 
_ poration has two notable housing developments to its credit,—the 
first at Sunnyside in Long Island City, which was a most successful 
attempt to bring light and air to those who live in small apartments 
and to provide attractive surroundings and substantially built homes 
at moderate cost. 
The second development of the City Housing Corporation was 
that at Radburn, N. J., “The town for the motor age,” in which the 
architects and engineers of the Corporation had opportunities for 
free play in the practice of site planning, and by the simple, but at 
that time revolutionary, expedient of reversing the age-old custom 
of facing the house on the street, were able to obtain the optimum in 
service facilities for the house and at the same time the maximum 
in open-space area, recreational facilities, safety, and attractiveness. 
More recently, the Buhl Foundation in Pittsburgh has developed 
or Chatham Village, a garden home community of 125 dwellings, in the 
City of Pittsburgh, centrally located, which represents the best of 
: «ae housing practice and is based largely on the experience at 
— Sunny sideand Radburn. However, these developments seem insig- 
nificant compared to the European progress during the past ten years. 
_ For example, Birmingham, England, with a population of less than 
1,000,000 is constructing houses at the rate of about 9,000 a year, as 
a - compared to 2,400 a year in Pittsburgh, with a population of 669,000. 
-_ Both figures were before the depression. 
_ The City of Frankfort, Germany, for example, has constructed at 
least twelve large developments in the past five years, ranging in size 
_ from 400 to 1,200 houses each. 
In December, 1931, there was held in Washington the President’s 
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Conference on Home Building and Home Ownership, to which the 
siness, industrial and professional leaders contributed through 
rious committees their ideas and experience on every phase of the 
abject to evolve a series of related reports which demand recognition 
in modern housing practice and its allied subjects. 

Perhaps the most important sign of the imminence of development 
of housing is the fact that overtures have been made to attract fur- 
ther large capital investments in housing developments. The forma- 
tion of General Houses, Inc., as reported by the magazine ‘‘Fortune,” 
isan instance of the attempt to interest capital in this field of enter- 


prise. 


It is significant also that under Title 2 of the Emergency Relief 
and Construction Act of 1932, the Reconstruction Finance Corpora- 
tion is authorized to make loans to corporations formed for the pur- 
pose of providing housing for families of low income. 

Allin all, there are many signs that there will be some real activity 
inthe not-distant future in large-scale housing projects in your cities, 


aid in mine. 


‘pes 


RELATION TO WATER WORKS 


The significance of this is that each of these housing developments 
means, among other things, the furnishing of a water supply. 

The importance of this phase of housing development is better 
ralized in Europe and in England than in this country, although 
the inclusion in the President’s Conference on Home Building and 
Home Ownership of a committee to study the relation of utilities to 
housing has served to focus attention on the importance of this 


relation. 


While housing will not change the total population to be served, 
there will be a readjustment of the population pattern, and therein 
lies the importance of an early recognition on the part of the water 
works profession of their part in these impending developments. 
It is a challenge to match the developments in housing with care- 
fully considered plans for adequate supply of water to meet the needs 


of this changed distribution of use. 


It was my privilege to be a delegate of the American Society of 
Civil Engineers to the International Housing and Town Planning 
Conference at Berlin in June, 1931, at which time I also had the op- 
portunity to visit the outstanding housing developments in England 
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The striking idature of the European housing developments was, 
of course, that of governmental financial subsidy, but I think seareely 
second to that is the fact that these developments are planned pri. 
marily from the utility standpoint. 

The importance of utilities is recognized in all European develop. 
ments and the entire plan of the housing project is worked out with 
the utility service in mind. Codéperation is more in evidence than 
it isin this country. When a housing project is planned, determing. 
tion is made of the quantity of utility service to be required based 
upon the type of house and the expected character of population. 

For example, in certain streets it has been decided that there wil] 
be no telephone service, but that if the people who desire to live in 
that allotment need telephones,—and when they say need telephones, 
they have in mind some such need as that of the physician or the 
nurse—then they will be furnished houses on other streets. The 
Continent’s disregard of the importance of the telephone is paralleled 
only by its disregard of the importance of the automobile, as exen- 
plified in the paucity of garage facilities provided. The omission 
of telephone and garage facilities, together with zoning and land 
control, tend to keep these houses available for working people who 
cannot afford these two services. 

That part of the utility system—of the water works system— 
which will be most affected and directly affected by housing develop- 
ments is the distribution system. How important a part of the whole 
the distribution system is may be judged by the fact that in some 
water works up to 70 percent of the total investment is in distri- 
bution property. 

Of all the utility services which must be considered in connection 
with a housing development, water supply lines are the most ex- 
pensive to install. Next in order of cost is the sanitary sewer. The 
gas lines cost considerably less than water and sanitary sewers and 
slightly more than storm sewers. The least expensive of the instal- 
lations are the electric and telephone lines when using aerial construc- 
tion. 

In other words, of all utility services, from the viewpoint of first 
cost, the water works is most involved in these housing developments, 
and that part of the water works which is affected directly is the part 
representing already up to 70 percent of total investment—the dis- 
tribution system. 

The effect on the distribution system will present problems along 
five different lines, as follows: - : 
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1. The optimum location of the pipe lines in the cross-sections of 


the streets. 
9. The design of pipe sizes for economy and adequacy of service. 
3 The use of duplicate mains. 


4. Joint use of trenches. 


5. Extension of service to new territories. a 


CROSS-SECTION OF THE HIGHWAY = 

It should be recognized in dealing with the new housing develop- 
ments that there is an increasing demand for the location of all utili- 
ties underground. Even where aerial construction is used today for 
electric and telephone conduits, many of us are cognizant of the 
already crowded conditions existing in the underground of the high 
ways. As the electric and telephone conduits are removed from poles 
and located underground, there will be increased competition for 
space under the streets. 

In the development of housing projects in new areas, there will 
be an opportunity for codperation among the utilities for the most 
efiective allocation of underground space. Codéperation of this sort 
through committees is a rule in European housing developments. 
With the addition of utilities underground, there is an increased 
threat to the paving surface. Through codperation among the utili- 
ties this threat can be considerably reduced. 

There is a good deal of lay criticism of utilities when they break 
paving in the streets. This criticism is based upon the mistaken idea 
that the pavement of a street is inviolate. It should be recognized 
that the utility mains and services have a scale of importance which 
makes the removal of pavements at times imperative. 

Part of the criticism also comes from the fact that the layman does 
not recognize that a proper job of replacement of paving does not 
injure the quality of riding surface of the roadway. 

Some of the requirements of governmental authorities concerning 
the opening of paving for utility work are unnecessarily burdensome. 
For example, the State of Pennsylvania imposes a penalty of $9.00 
per square yard for openings on the State highway system. Off the 
State highway system on roads on which State aid is given to bor- 
oughs for pavements coming within their limits, the State Highway . 
Department requires the borough to enter into an agreement whereby a 
the pavement shall not be opened for a period of five years, except : : 
cases of emergency. 
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This puts upon the utilities the burden of accurate forecasting of 
future requirements and the careful balancing of the cost of laying 
mains and services in advance against the cost of and prohibitions 
against breaking pavement for later installation. va Off 


The most important challenge to the water works men in connee. 
tion with new housing developments will come through radically 
changed practice in street alignment and layout. The new type 
of housing as a part of modern comprehensive city planning will aim 
for the creation of the neighborhood unit type of community develop. 
ment. ‘This will have the effect of changing the population distribu. 
tion as it exists now in our American cities. 

Whereas today the population pattern consists of a peak at the 
center sloping down gradually to the city limits, the new housing 
developments under modern city planning will result in the creation 
of smaller individual peaks spaced regularly throughout the city 
area, with the resultant depression of the existing central peak. 

The effect of this on water supply and water distribution planning 
is apparent. Whereas the present water supply system has to have 
certain kinds of facilities for furnishing water to the business dis- 
trict, the industrial district and the residence district, with the growth 
of the neighborhood unit type of development, there must be sup 
plied the facilities for serving the decentralized industrial and com- 
mercial developments in the new plan. 

The radical revision of street layouts has been mentioned as a 
feature of the new housing developments. Heretofore, in American 
planning there has been a rigid adherence to the gridiron system of 
street plans. The President’s Conference on Home Building and 
Home Ownership laid great stress upon the desirability of abandon- 
ing the grid system in favor of other types. 

Where the new plans provide for any semblance of rectilinear street 
layout, blocks will be much longer than heretofore, probably up to 
1,000 feet in length. The automobile and its demolition of distance 
have done away with the former need for frequent cross streets. 
It was specifically recommended by the Committee on Subdivision 
Layout of the President’s Conference that minor streets be designed 
with a certain amount of curvature or indirectness, so as to further 
discourage traffic and at the same time to produce a departure from 
the usually monotonous rectangular patterns. It is pointed out that 


DESIGN OF DISTRIBUTION SYSTEM 
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wh 
th 
le 
4 in 
ti 
te 
t] 
d 
ii 
my 


sting of 
| laying 
Ditiong 


onnec. 
dically 
type 
ll aim 
velop. 
triby. 


t the 
using 
ation 
city 
hing 
have 
dis. 
wth 
om- 


where the land is rolling or irregular in elevation, a departure from 
the rectangular method of platting is often economical, since it 
reduces excessive cuts and fills. Even though the land may be quite 
level, however, a certain amount of curvilinear street design provides 
interest and charm and relieves monotony. 

The gridiron system of street layout permitted advantageous loca- 
tion of fire hydrants and good reinforcement of the distribution sys- 
tem by frequent cross-connections. 

The new housing development comprehends such departures from 
the regular single-building line gridiron system of development, as 
double and triple building lines, cul-de-sac streets, loops, and the 
cross-access street layouts. The object of the developers, of course, 
is to preserve the privacy of residential development by creation of 
dead-end streets to discourage through traffic. The layouts, based 
upon these principles of design, are extremely attractive; they are 
economical; and there is no doubt that the gridiron system is doomed. 

It becomes, therefore, the problem of the water works men to be 
ready with designs of distribution systems to meet the new street 
layouts in such a way as to provide adequate, high-class water service 
and fire protection in these developments. 

The proponents of these unusual types of street layouts have not 
been unmindful of the problems which they are creating in the 
utility field. The Committee on Subdivision Layout of the Presi- 
dent’s Conference, for example, says: “With these types of develop- 
ment, gas, electricity and probably also water connections, can be 
more economically arranged in the form of loops, connecting the 
houses directly instead of providing individual branch connections 
from the main streets.” 

The new types of housing developments will provide more than 
the present amount of open space in residential districts and it may 
be that the park areas so developed can be used for utility services. 

The new housing projects will not favor the provision of alleys at 
the rear of lots, but it has been suggested that easements be established 
along rear lot lines for telephone and telegraph poles, and possibly for 
other public utilities. While from an esthetic point of view the 
appearance of a subdivision will be improved if the electric light and 
telephone lines are placed under ground, the cost of accomplishing 
this frequently will be found prohibitive and where the overhead 
system is retained for these services there is a distinct advantage from 
the esthetic point of view in establishing easements along rear lot 
lines for the location of these services. 
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neighborhood units involving independent, if smaller, high valu | 


The whole question of fire protection comes up again in connection 
with the rearrangement of the population pattern and the creation 
of dead-end streets for residential purposes. The waterworks people 
have been able heretofore to meet the highest standards of fire pro- 
tection requirements from the gridiron system of distribution mai 

layouts. 


With new types of street plans and with the creation of 


districts apart from the business center of the city, it devolves upon 
the water works people to design distribution systems which will 


furnish the same high standard of fire protection service to the ne 
conditions. 


of the street, avoiding long service lines. Economics will dictat 
whether the single-main system or the duplicate or two-main syste 
should be used. It is evident that for exceptionally wide streets 
with narrow lots, the cost of installation of the two-main system, wit 
short service lines, will be far less than the cost of the single-mai 
system with long service lines. 


toot: 


European housing developments commonly employ the two-main 
system for utility distribution, that is, duplicate mains on each side 


The Committee on Utilities for the President’s Conference stated: 


be economical to lay dual mains on streets much less than 80 feet in width. ra 


Comparative estimates of cost prepared for the Committee indicate that, in 
general, if business districts and residential districts are covered by pavements 
of the hard type, dual-main water systems become economical for streets about 
80 feet or more in width. In the main business center or in streets with street 
car lines or where the interruption of traffic will be a serious matter, it will 


As far as the width of streets in the new development is concerned, 
it may be expected that the so-called access road or the dead-end 
streets in the cul-de-sac developments will be 30-foot right-of-wa 


streets with a pavement 18 feet wide; traffic-bearing streets in — 3 


design may have a right-of-way of 50 feet, with 24 feet of pavement, __ 
and a sidewalk 5 feet in width on each side; the street forming the — 


outer boundaries of each neighborhood unit will have a width of 130 | 
feet. 
The real objection to the dual-main system is not first cost but 
double liability for leakage. However, this is no doubt compensated oI 
by the reduction in length of service lines. 10 
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JOINT USE OF TRENCHES 


The codperation among various utility interests which has been 
yo evident in Europe and which in this country will present itself with 
the new type of housing development, offers possibilities for economy 
in the joint use of trenches for services of different types. The Com- 
mittee on Utilities for the President’s Conference on Home Building 
and Home Ownership recommended that gas and water occupy the 
same trench, that a second trench be used for electricity and tele- 
phones, and that sewers be placed in a third trench. The Committee 
estimates that there would probably be a saving of 15 to 20 percent 
by the use of this 3-trench combination. In a Philadelphia project 
recently, one utility did all of the trenching for water, gas, telephone 
and electric service. 

Joint use of trenches has its disadvantages also. These are the 
divided responsibility for trench maintenance and for the replace- 
ment of pavements, the possibility of damage to one utility in opening 
the trench to reach the other, and the difficulty of obtaining the co- 
operation between divergent minor interests. There are also in some 
municipalities, ordinances or regulations requiring the placing of the 
ielephone and electric cables in separate trenches. 4H] 


EXTENSIONS INTO NEW AREAS 


It has been necessary for privately owned water works to protect 
their investment in extension of mains in a new territory by requiring 
guarantees of return or the advance of construction costs, in order 
to protect the balance of the water supply system from the burden 
of having to carry an unprofitable extension. 

With the new housing developments, the water works utilities will 
be faced with the desire, on the part of the developers, to make sure 
that all essential public utilities are provided before construction of 
houses begins. 

The water works people must be guaranteed a sufficient use of 
water to warrant the extension. From the experience of the Buhl 
Foundation and its Chatham Village project in Pittsburgh, where 
the 125 available leases were sought by several times that number of 
applicants, it would appear that if the development were well planned, 
the utilities need have no hesitation concerning the extension, from 
a financial point of view. 

Codperation between utilities and the developers of these housing 
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schemes is quite essential. Probably one of the best examples of 
lack of such codperation is a development of 250 workmen’s houses 
about 7 years ago, near a Pennsylvania town. Due to the failup 
of the developers of the property and the utilities to “get together,” 
the water distribution lines were laid directly under the houses, with 
riser pipes coming up into each cellar. While this cut the cost of the 
distribution system about half, due to the elimination of service lines 
from the street to the house, yet it precluded the proper metering of 
the consumers and probably has resulted in some excessive leakage, 
For this reason, all of the consumers are virtually on a flat rate basis 
and, from the records of a master meter, it is found that the use of 
water per family in this development is about three times the use of 


the other domestic consumers. ~ 
198 


PRACTICE AT BUHL FOUNDATION inti 


The development at Chatham Village, the housing project of the 
Buhl Foundation in Pittsburgh, which was completed early in 1932, 
and has been 100 percent occupied by 125 tenants on lease since May 
1, 1932, may be taken as representative of the most modern practice 
in the matter of furnishing utility services to a housing development, 
It should be remembered, however, that Chatham Village as it exists 
today, represents a development of restricted size and it may be 
expected that the future will bring problems in larger and mor 
extensive projects. In fact, the Buhl Foundation is already making 
plans for the extension of Chatham Village for 125 additional families, 
thus doubling the size of the existing allotment. 

Chatham Village is located on Mount Washington, at the top of 
the high palisades which flank the south bank of the Monongahela 
River at Pittsburgh. It is two miles from the heart of the Pittsburgh 
business district. The tract occupies 45 acres, having a frontage of 
about 500 feet on an existing street, Virginia Avenue, and the tract 
extends south of Virginia Avenue for about 500 feet on the east side 
and about 800 feet on the west side, the southern boundary of the 
tract being oblique to Virginia Avenue. On this site, the 125 houses 
have been erected to occupy less than 30 per cent of the land area, the 
remainder being landscaped to provide large central parks running 
through the property. 

As laid out, there is a boundary street completely encircling the 
development, and one cross-access street running south from Virginia 
Avenue at about the mid-point of the tract. 
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From the western boundary street, three independent culs-de-sac 
have been laid out, with the rear of the houses abutting on the access 
streets so created. Forty-eight of the 125 houses are located on 
these three dead-end access streets. The rest of the houses are 
arranged in approximately a single building line location on the 
boundary and cross-access streets, with the rear of the houses abutting 
on the streets. 

It is interesting to note how the problems and opportunities in 
connection with the utilities which I have mentioned have been met 
and handled in the case of Chatham Village, namely, the matters of 
the street cross-section, the design of the distribution system for 
adequate service, dupplicate mains, joint use of trenches, and the 
extension policy. 

All utilities, including electric and telephone conduits, are under- 
ground at Chatham Village. The sewer line generally occupies the 
center of the roadway, although there is an exception to this where 
the housing development faces on a public park, and the sewer line 
is then moved to a position closer to the houses. The sewer system 
at Chatham Village is on a combined plan. Sewer lines are also laid 
in the central park to provide storm drainage in that area, but the 
parkway is not used for any through-run sewer line. 

The cross-access street at Chatham Village may be taken to repre- 
sent a typical problem in the allocation of street cross-sections in 
developments of this kind. This is a north and south street and on 
the extreme east side the water line is 2.5 feet from the property line; 
the telephone line is 4.25 feet from the property line; and a gas line 
is 5 feet from the property line. In approximately the center of the 
street is the sewer line. Just west of the center is the telephone line, 
and on the extreme western side of the street, 3.5 feet from the prop- 
erty line on this side, there is another gas main. 

The design of the water distribution system comprises a 6-inch 
loop completely encircling the tract laid in the boundary street, from 
an existing 12-inch main on Virginia Avenue. This loop is cross- 
connected once by another 6-inch main in the cross-access street. 
The park area is used as the location for a dead-end 2-inch line serv- 
ing seven houses. In each of the three culs-de-sac extending off the 
boundary streets, there is a 2-inch loop extending from the 6-inch 
loop. One cul-de-sac has 20 houses and each of the other two has 
14. Fire hydrants are placed only on the 6-inch loop, at intervals 
of less than 400 feet. 
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a _ With reference to the subject of duplicate mains, I have already 


a = mentioned that there is a duplication of gas mains on the cross. 
acess street. The loop which I have mentioned in the cul-de-sac 
for water service really constitutes an example of duplicate mains 


cross-connected at the ends, since in effect it permits the utility to 
serve the houses with a very much shorter house connection. 

a The proximity of the gas and water mains on the cross-access 
streets is in accordance with the recommendations of the Committee 
on Utilities of the President’s Conference on Home Building and 
Home Ownership that gas and water lines be combined in a joint 
trench. In addition, at Chatham Village, the telephone conduit, 
on the cross-access street, is placed along with the gas and water 
lines. 

Financing an extension in a development such as Chatham Vil. 
lage is minimized as an element of risk, in view of the 100 percent 
occupancy of the development from its inception. 

(Presented before the Central States Section meeting, September 
22, 1932.) 
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QUALITY OF WATER AND SOAP CONSUMPTION — 
By HerseL WENDELL Hupson dog SUP OP 


(University of Illinois, Urbana, Ill.) oily 
4 Was 

Water of a certain quality may possess both the economic char- 
acteristics of utility and scarcity and consequently have value, while 
water, as such, without regard to quality, may be of little use as well 
as abundant and consequently of little or no value. The primary 
purpose here is to measure the value of water quality with respect to 
its effect on soap consumption in the home. 

To obtain information concerning this problem, market surveys of 
setail soap sales have been made in Chicago Heights, Bloomington 
and Champaign-Urbana, Illinois and Superior, Wisconsin. These 
cities are comparable in size and are supplied with different types of 
water including naturally soft, municipally softened, medium hard 
and very hard. 

Soaps and soap products of all kinds sold at retail in the various 
cities have been included in the data. Commercial laundries have not 
been included in the study because most of the commercial laundry 
work in Chicago Heights goes out of town, while most of the laundries 
in Champaign-Urbana have water softeners. Industrial use of soap 
has not been included because the extent and type of industrial de- 
velopment varies materially from city to city. Some industries use 
large amounts of soap while others use practically none. 

The personal interview method has been used to collect all data 
on soap sales because a high percentage of returns is considered es- 
sential to the success of the study. The retail survey has proved to 
be the only practicable means of getting enough data on soap used in 
the home to be significant. 

The original data obtained by the surveys, if used without cor- 
rection, would not give accurate results. Corrections have been 
made, therefore, for such inaccuracies as incompleteness of data, the 
sale of soap to the surrounding trade territory, the use of water from 
water softeners and cisterns in hard water cities and differences be- 
tween the type of water used in a city and in its surrounding trade 
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The most important source of error is the trade territory supplied 
by the various cities (9). Reilly’s law of retail gravitation seems to 
offer the best solution to this problem. According to that law, 
“Two cities attract retail trade from any intermediate city or town 
_ in the vicinity of the breaking point, approximately in direct propor- 
tion to the population of the two cities and in inverse proportion to 
the square of the distance from these two cities to the intermediate 
town”’ (8). 


RESULTS OF FIELD SURVEY 

The data obtained from the field surveys have been summarized in 
table 1. Table 2 presents the refined data in comparable form after 
corrections have been made for the various sources of error mentioned 
above. 

Superior, Wisconsin uses 29.2 pounds or $3.75 worth of soap per 
capita annually. Even with their relatively very soft water, 45 
p.p.m. hardness, a considerable quantity of soap is required to remove 
dirt and grease. Water alone will not do the work. If it were possible 
for a city to obtain a water supply of zero hardness, it would still use 
almost as much soap as does Superior, Wisconsin (2). 

Taking Superior as a base for comparison, it may be seen from the 
data presented in table 2 that the excess soap consumption for Bloom- 
ington is 2.9 pounds per capita per annum. The cost of this excess, 
is 73 cents. The annual per capita excess for Champaign-Urbana is 
10.66 pounds or $2.18. Chicago Heights with its water supply of 555 
p.p.m. hardness uses annually 16.55 pounds or $3.75 worth more soap 
per capita than does Superior. 

The excess soap usage for Bloomington, Champaign-Urbana and 
Chicago Heights, expressed in percentage of total soap consumption 
for each city, is 9, 26.7 and 36 respectively. This excess expressed 
in terms of value percentage amounts to 16.5, 36.8 and 50 for the 
various cities in the order named. The greater percentage excess in 
value than by weight seems to be due primarily to the use of more 
_ expensive soaps and soap compounds in cities supplied with hard 
water. 

The significance of the excess soap requirements of hard water may 
be brought out more clearly by stating the total excess for each city. 
For Bloomington, with her present water supply of 70 p.p.m. hard- 
ness, the total annual excess soap requirement is 40.4 tons or $22,942. 
Champaign-Urbana, with her water of medium hardness, is using 
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QUALITY OF WATER AND SOAP 


,ually 216.6 tons or $88,713 worth of soap more than would be 
required with water like that of the Superior supply. Chicago 
feights with a population of little more than half that of Champaign- 
[rbana, but having water almost twice as hard, uses 184.7 tons or 
$93,689 worth more soap annually than would be necessary with 


soft water. 


It is calculated from the data at hand that Bloomington’s 


excess Soap usage, before she obtained her present supply of relatively 
sft water, must have been approximately 323 tons or $162,000 


qnnually. 


TABLE 1 


Total soap sales in the four cities 


ANNUAL SOAP 
SALES, POUNDS 


ANNUAL SOAP 
SALES, DOLLARS 


1,530,314 196,133 
Champaign-Urbana, 2,093 ,881 307,732 
1,009 , 503 159,910 
Per capita soap consumption with different types of water aqisianY 
Superior, Wisconsin................... 45 29.23 3.75 
Bloomington, Illinois.......... 70 32.13 
Champaign-Urbana, Ill............... 298 39.89 5.93 
Chicago Heights, Ill.................. 555 45.78 7.50 


COST OF SOFT WATER 


In those sections of the country where relatively hard water pre- 
vails, there are various possible ways of obtaining soft water. Which 
of these devices, or what combination of them, can best solve the 
problem of scarcity of the quality of softness in water under a given 
set of conditions follows the principle of relative costs. In other 
words, in order to be able to draw conclusions concerning the econ- 
omy of soft water, it is necessary to know the cost of obtaining it, as 
well as the advantages derived from it. 

Not all of the various methods of obtaining soft water are available 
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to any of the four trading centers considered. Superior has no jp. 
terest in a better water supply than she now has, but the other three | 
cities have possibilities of economies by one or more methods. Costs 
of obtaining soft water for Bloomington by various methods are pre. 
sented in table 3. Like information is given for Champaign-Urbang 
in table 4 and for Chicago Heights in table 5. 

It will be noted by reference to tables 3, 4 and 5, that cistern | 
water is the most expensive in every case, with regard to both total 


_ investment and annual cost. Practically the entire cost of cisterp 


Cost of obtaining soft water for Bloomington, Illinois by the various methods 
available, in dollars 


wills 3,379,600 | 337,960¢ 10.93 
Household water softeners............ 1,689 ,800 295,315 9.56 
1,191,808 112,197 3.59 
Municipal water softener?............. 26 , 635 10,417 0.33 
Storage basin and softener, combined.| 1,218,442 122,614 3.92 

* Excess with water of 70 p.p.m. hardness. 

’ Calculated excess with water of 800 p.p.m. hardness. vol ae 

¢ For obtaining water of 250 p.p.m. hardness. Se 


¢¥For reducing hardness from 250 to 75 p.p.m. hardness. The additional 
cost of reducing hardness from 75 to 45 p.p.m. would be $1,488 per annum or 4.7 
cents per capita annually. 

¢ Annual cost for cisterns includes interest at 6 percent and depreciation at 
4 percent. 


water consists of interest and depreciation. Operating expense is so 
small that it has not been included in the data. 

Household water softeners cost one-half as much as cisterns, but 
in the case of the former there is an additional operating cost which 
consists primarily of chemicals, which brings the annual cost up to 
more nearly that of cistern water. This method of obtaining soft 
water rates second highest in total investment and annual cost for 
all three cities. 
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A municipal water softener furnishes the most economical method 
of obtaining soft water for Chicago Heights and Champaign-Urbana. © 
This method has the advantage over all others with respect to both 


804, aff oulay 


Cost of obtaining soft water for Champaign-Urbana, Illinois by the various 
methods available, in dollars 


Household water softemers......... 1,887 ,000 259 , 462 7.77 
Municipal water softener.......... 250 ,000-300 000; 38,000 0.93 


¢ Annual cost for cisterns includes interest at 6 percent and depreciation at 

‘that 


Cost of obtaining soft water 7" Chicago Heights, Illinois, by the various methods 
available, in dollars 


Household water softeners............ 1,011,400 176,995 7.93 
Lake Michigan water supply.......... 1,816,000 171,907 7.7 
Municipal water softener............. 150 ,000 58 , 225 2.61 


« Annual cost for cisterns includes interest at 6 percent and depreciation at _ 
4 percent. 


NET GAIN FROM IMPROVED WATER SUPPLY 


Bloomington’s soft water supply has made possible a saving in 
soap by those families formerly using hard water. Soft watersupplies 
for Champaign-Urbana and Chicago Heights would make possible 
similar savings in soap for residents of those cities now using hard ; 
water. If the entire population used hard water the soft water 
supply would produce the total soap savings and net gains indicated an 
in table 6. That table also shows the per capita net gain produced __ 
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by soft water for those individuals formerly using hard water in the 
various cities. 

That part of the population using water from cisterns and water 
softeners is now saving soap, but at a cost that is greater than the 
value of the soap saved. A municipal water softener can save those 
people future operating expense and upkeep. The original invest- 
ment in cisterns and household water softeners, however, can not be 
retrieved. 

A municipal water softening plant could save the residents of 
Champaign-Urbana who now use cisterns $4.52 per capita, as com- 
pared to the $2.18 soap saving to those using hard water. Thus the 
saving to the 1900 families, 6,728 individuals, using cisterns would be 
$15,743 more than indicated in the figures of soap saving. Users of 


TABLE 6 

_ Net gains from soft water. Soap consumption of Superior, Wisconsin, 
taken as base 


oa (Figures in dollars) 
TOTAL 
SOFT WATER WATER NET GAIN NET GAIN 
Bloomington, Illinois............. 122,614 | 162,300 39 , 686 1.37 
Champaign-Urbana, Ill........... 38 ,000 88,713 50,713 1.25 
Chicago Heights, Ill..............| 58,225 83,689 | 25,464 1.14 


* Calculated from former supply of hard water. 


water softeners would save $4.37 per capita, or $2.19 more than the 
soap saving of those who use hard water. This group of 575 families, 
or 2,036 individuals, would save $4,459 more than the soap saving for 
the same group without water softeners. Thus a municipal water 
softener would save $20,202 in addition to the annual soap saving of 
$88,713 indicated in table 6, or a total of $108,913. The cost of this 
saving is $38,000 leaving a total net gain of $70,915 annually. Slight 
additional savings of this nature would apply to Bloomington and 
Chicago Heights but not enough to make any great difference in the 
figures as presented in tables 3 and 5. This is because of the greater 
soap saving in the harder water cities. 


SUMMARY AND CONCLUSIONS 


It is evident from data presented that the part of the family budget 
devoted to cleanliness is materially affected by hardness of water. 
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That effect is felt to the extent of $88,700 perannum by the population Bie4 
of Champaign-Urbana while a like burden on the householders of ee 
Chicago Heights is only $5,000 less. In other words the per capita ae 
excess soap usage for Chicago Heights is almost twice that for _ 
Champaign-Urbana, while a similar relation exists between the 
hardness of the water supplies of the two communities. Thus, the 
household soap bill increases as the hardness of the water with which Re, ian 
soap is used increases. ae 

Since soap serves a useful purpose, the effect of hard water upon 
its increased usage is of comparatively little economic significance, 
apart from a consideration of how that usage may be reduced and how 
much such reduction may cost. Data presented in tables 3, 4, and 5 
show the costs of obtaining soft water by various methods. Com- 
parisons of those costs are presented to show the relative efficiency of 
the various methods and the net gain obtainable by the use of the 
most efficient method. Bloomington’s improved water supply is 
reducing the household soap bill $162,300 annually. This reduction 
isobtained by an expenditure of $119,617 annually, thus leaving a net 
gain of $42,683. Although the saving in the household soap bill that 
would be obtained by Champaign-Urbana would amount to little more 
than half that for Bloomington, due to the difference in hardness of 
water, the cost of a soft water supply would be only approximately 
one-third that of the Bloomington supply. Thus the net gain for 
Champaign-Urbana in soap economy for home use would amount to 
over $50,000 annually. 

Worthy of mention as of economic importance is the minimum con- 
venience value of soft water to a large number of individuals, as 
measured by the highest cost method in use for obtaining soft water. 
Many people in Champaign-Urbana pay as high as $11.30 per capita, 
if not more, for rainwater. Economy of soap can offset only $2.18 of 
this total cost. Another dollar might be accounted for in other 
savings such as reduced plumbing repair bills, but, pending some 
measurement, only a guess as to their saving can be suggested. The 
remaining $8.00, more or less, evidently brings greater satisfaction to 
the purchasers of the convenience utility of soft water than in any 
alternative economic good it might buy. Just what is themaximum 
that any individual might be willing to pay for soft water rather than 
be without it is indeterminable. That problem lies in the realm of 
subjective utility rather than of objective economic value. It may 
be considered, however, that any more efficient method of obtaining 
soft water will leave a consumer’s surplus at least as great as the 
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difference between the cost by that method and the cost of cistern 
water. 

From comparative costs of obtaining soft water by the various 
possible methods, it appears that the municipal water softening plant 
offers the greatest economy, provided a water supply of sufficient 
quantity is available. Even the more expensive methods of obtain- 
ing a municipal supply of soft water, by the soft water storage basin 
and the long distance conveyance of soft water, appear to be more 
economical than either the private cistern or household water softener, 

Almost any city, supplied with surface water requiring filtration 
and containing enough mineral matter to be at all noticeable, can well 
afford water softening. A similar generalization concerning cities 
supplied with ground water would hardly be safe because of local 
factors of water supply and construction costs that might enter in, 
The following equation will show the degree of hardness necessary in 
any particular water supply in order that the economy in soap obtain- 
able by soft water may pay for the cost of softening. 


hardness of water supply in p.p.m. the softening of which 
will be paid for in soap economy alone. 
i 75 = demonstrated attainable hardness of water in p.p.m. from 
municipal water softening plants. 6s 
= soap waste per capita per year per p.p.m. hardness. = 
= capital overhead charges, including superintendence, per 
en capita per year. 
d = cost of chemicals per capita per year per p.p.m. hardness. 
This equation applied to data for Champaign-Urbana shows that 
even if their water supply tested only 145 p.p.m. hardness, a munici- 
pal water softener that would soften the water to 75 p.p.m. would 
save enough in soap for home use alone to pay for itself. The 
economy point of hardness for the Chicago Heights supply would be 
200 p.p.m. while for Bloomington with its higher cost plant it would 
be approximately 600 p.p.m. 
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THE HISTORY OF MANGANESE IN WATER SUPPLIES AND 
METHODS FOR ITS REMOVAL 


(Manager, Iron Ore Properties, Northern Pacific Railway Company; 


President, Water and Light Board, Brainerd, Minn.) 


An investigator interested in the study of a problem is as deeply 
interested in the history relating to the problem, to learn the ideas 
that prevailed at the beginning and the methods and equipment used, 
and then to note the gradual progress until perfection is attained. 
The following paper is an historical review of the subject of manga- 
nese in ground waters and the methods devised for its removal. In 
the list of references given it is believed that in each instance the 
original thought on the point mentioned is catalogued. Omissions 
of other articles bearing on the subject are to avoid unnecessary 
repetition and, possibly, confusion. Many articles have found their 
way into print which are no more than reviews of work done by pre- 
vious investigators. For the whole time that demanganization has 
been investigated progressive stages can be detected. Certain views 
have held sway for a number of years at a time, only to be replaced 
by others. Because they clearly mark stages in the progress of the 
study the following paper is presented in divisions or periods indicat- 
ing such progress. This method should add clarity to a subject 
about which too little has been offered in its entirety. OS 


I. THE BACTERIOLOGICAL PERIOD (1836-1906) 


An analytical determination of manganese in ground water ap- 
pears to have been made for the first time in 1896,! but various 
writers mention instances of deposits of manganese having been noted 
in water mains prior to 1896. Thus Brown? said in 1904 that black 
slimes had been reported in 1880 in the system of Newcastle-on-Tyne, 


1 Tillmans, J.: Ueber die Entmangung von Trinkwasser; J. Gasbel. u. 
Wasser. 57, 713, 1914. 

2 Brown, J. C.: Deposits in Pipes and Other Channels Conveying Potable 
Water; Proc. Inst. C. E. London, 156, cg 2, 1-17, 1904. 
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England; Raumer® reported in 1903 having seen in 1888 manganese- 
bearing incrustations in pipes in an insane asylum situated in the 
valley of Schwabach river, in Bavaria, and in the wells supplying 
water for use in breweries in Fiirth and in Kulmbach, Germany; and 
Hajeck‘ reported in 1907 finding black masses in pipes and meters in 
Arad, Hungary, in 1896. Weston® stated in 1909 that the first case 
in America arose in 1898 and concerned a well at a textile mill in a 
New England state. Strangely, the analysis made for manganese 
in water in 1896 was hardly given-notice until 1906, the year the city 
of Breslau, Germany, experienced serious trouble with its municipal 
supply. This case has become the classic in the literature on man- 
ganese in waters and on demanganization processes. 

The Breslau experience gave rise to two distinct schools of thought 
on the subject of manganese removal, the one based on bio-chemical 
and the other on inorganic processes. The bio-chemists were then 
already strongly intrenched in the field, and may be said to have been 
started in 1836 with the finding by Ehrenberg‘ of the first thread bac- 
teria; but by a strange coincidence the ultimate development for 
manganese removal became an inorganic process which is based on 
a discovery in physical chemistry made in that very same year, by 
Berzelius.?’ However, the application of this basis in the inorganic 
process was not clearly established until 1914, by Tillmans.*® 

The bio-chemical process is based on the action of certain bacteria 
known by the descriptive name of thread-bacteria, their shape re- 
sembling little threads. By 1910 the several thread bacteria had 
become identified constituting six species, although some of these 
have paraded by as many as five or six different names and, as a 
result, for many years more than six species seemed to be in exist- 
ence. Not until 1892 was manganese observed, by Molisch,° on one 


’ Raumer, E.: Ueber das Auftreten von Eisen und Mangan in Wasserlei- 
tungswasser; Z. fiir Anal. Chem., 42, 591-602, 1903. 

4 Hajeck, R. H.: Gelungene Auscheidung der Manganverbindungen Aus 
Tiefbrunnenwasser; J. Gasbel. u. Wasser., 33, 767, 1907. 

5 Weston, R. S.: Purification of Groundwaters; Trans. A. S. C. E. 64, 
112-207, 1909. 

6 Ehrenberg, C.G.: Vorlaiufige Mittheilungen ueber das Wirkliche Vorkom- 
men fossiler Infusorien und ihre grosse Verbreitung; Poggendorfer Annalen, 
Bd. 38, 213-27, 1836. 

7 Falk, G. K.: Catalytic Action; Chem. Cat. Cu., New York, p. 11, 1922. 

8 Op. cit. 

* Schorler, B.: Beitriige zur Kenntnis der Eisenbackterien; Centralb. fiir 
Backteriologie, Paras., u. Infect., Abt. IIT, Bd. 12, 681-95, 1904. 
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of these organisms. All when first found were associated with iron 
oxides, wherefore they became known as iron bacteria. We may say 
now that there are six thread bacteria and that four of the six attack 
manganese salts, and at least two of them increase in size if manganese 
salts are attacked. Consequently, we could appropriately call some 
of them manganese bacteria. 

Ehrenberg’ found Gallionella ferruginea in 1836. Kiitzing" found 
Leptothrix ochracea in 1843. Cohn" found Crenothrix polyspora in 
1870 and Cladothrix dichotoma in 1875. Schorler® found Clono- 
thrix fusca, in 1904. Ellis,* in 1910, proclaimed Spirophyllum fer- 
rugineum as a distinct species and not a variant of Gallionella. The 
study made of these organisms by Cohn received its impetus through 
iron accumulations in the sources of the water-supply in Breslau in 
1870, and later studies by others were also because of similar dis- 
turbances in Berlin, Germany, in 1878, in Lille, France, in 1882, in 
Rotterdam, Holland, in 1882 and in Cheltenham, England, in 1896. 
In these places the water became unusable, sometimes for as long as 
a month. 

The discovery of these bacteria was a simple matter compared with 
the study of their physiology and morphology. From 1870 to 1910 is 
a period during which definite progress was made in these respects in 
stages measured by decades. First came Cohn, in 1870, then Zopf 
in about 1880, Winogradsky in 1888 and Molisch in 1900 and earlier, 
Brown in 1904, and Ellis from 1910 to 1919. The scientific contro- 
versy centered primarily on the question whether these bacteria 
needed iron in their bodily processes or whether iron was only a waste 
product, like a slag resulting from burning coal; secondly, whether 
the organism benefitted from the energy created in the breaking up 
of the compound attacked. The accumulation of evidence progressed 
slowly. The theories advanced from time to time seem conflicting 
on even fundamental principles. Judged now by what Ellis’ and 
Harder'*® published in 1919 we may say that, except for the fact that 


10 Op. cit. 

11 Ellis, D.: Iron Bacteria. Methuen & Co., Ltd., London, 1919. 

12 Cohn, F. J.: Ueber den Brunnenfaden (Crenothrix Polyspora) mit Be- 
merkungen ueber die mikroscopische analyse des Brunnenwassers. Beit. Biol. 
Pflanzen, Bd. I, Heft 1, 108-136, 1875. 

13 Op. cit. 

14 Op. cit. 

18 Op. cit. 

16 Harder, E. C.: Iron Depositing Bacteria and Their Geological Relations; 
U.S. G.S. Prof. P. No. 113, 1919. 
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these certain thread bacteria attack the bicarbonate salt of iron and 
leave the iron as a waste product, all differ from each other in one or 
more respects; and what for many decades seemed to be an accumulat. 
ing mass of contradictory conclusions eventually enabled formulating 
a relatively simple story about these bacteria. 

In Europe Molisch first detected specks of manganese on bacteria 
in 1892. In 1901 Jackson” studied the precipitates in the pipe sys- 
tem of Newton, Mass., and in those deposits analyzing high in man- 
ganese found a bacterium which resembled Crenothrix polyspora 
Cohn but was broader and had thicker walls, wherefore he deemed it 
a new species and named it Crenothrix manganifera Jacksonii. But, 
said Jackson, this bacterium is uncommon because manganese is very 
rare in water. This bacterium we may see referred to in many 
water supply publications of even recent years, although Schorler' 
as far back as 1904, and later Ellis'® showed that it is none other than 
Crenothrix polyspora Cohn, and that the latter really prefers man- 
ganese bicarbonate and then grows larger than when dependent on 
only iron bicarbonate. 

Binz,?° in 1901, showed that when iron was precipitated carbon 
dioxide was liberated, and that the total content of free carbon 
dioxide in the water was reduced, but not in any definite relation to 
the quantity of iron precipitated. He found, also, a relationship in 
the alkalinity of the reaction in the water and the alkalinity of the 
bacterial sheaths. 

Gallionella ferruginea has been the species favored for use in 
laboratory studies, pure cultures of it being easier to obtain than of 
other species. Because Gallionella, like Spiropyllum ferrugineum, 
attacks only iron bicarbonate, this may have tended to emphasize the 
view that thread bacteria were limited to iron deposition. Although 
Leptothrix ochracea was discovered as early as 1843, it was not until 
sixty or more years later that it became recognized as favoring man- 
ganese bicarbonate. Crenothrix polyspora Cohn, found in 1870, and 
associated with serious iron troubles in many municipal systems up 
to 1896, was unknown for nearly 30 years as a manganese depositing 
organism. ‘Today both Leptothrix and Crenothrix are considered 


17 Jackson, D. D.: Crenothrix Manganifera in Newton, Mass.; J. Soc. 

Chem. Ind., 21, 681, 1901. 

18 Op. cit. tio 
19 Op. cit. “Ai 

20 Binz, C.: Deutsche Mediz. Wochense rift, No. 14, 219, 1901. ar | We “ie 
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serious trouble-makers in any instance, and together with Clono- 
thrix fusca and Cladothrix dichotoma are the principal manganese- 
depositing bacteria. The first two named are said to prefer manga- 
nese bicarbonate to iron bicarbonate. This leaves only Gallionella 
and Spirophyllium as exclusive attackers of iron bicarbonate. 

In 1903, Raumer*! commented on manganese in waters being more 
dificult to remove than iron and causing more trouble than iron 
even when present in smaller quantities thaniron. In the same year 
both he and Weibull” studied deposition and discolorations from 
waters on the Bjérnstorp estate, in Sweden. The water contained 
up to 11 p.p.m. manganese and the precipitate contained 25 percent 
manganese and less than 1 percent iron. Weibull concluded that the 
manganese had been derived from an acid igneous rock (diorite in- 
trusive in syenite) which formed the basement or country rock, which 
contained 8 per cent manganese. Both Raumer and Weibull were 
called upon to explain this occurrence and help eliminate a nuisance. 
Raumer, in his studies of the subject, found incrustation in lead 
pipes to be black and in iron pipes to be reddish brown. In Bavaria 
he found water containing 0.11 p.p.m. iron and 0.28 p.p.m. manganese 
giving rise to a precipitate in lead pipes that analyzed 38 percent Mn. 
and 1.6 percent Fe. Raumer considered the water the source of the 
manganese and ascribed deposition to ‘‘galvanic-electrie process aris- 
ing from different metals used for piping.’ This is the first reference 
made by a writer to a possible physico-chemical action. Neither in- 
vestigator made any reference to bacteria. 

Brown,” studying corrosion of iron pipes in England in 1903, said 
acid waters and manganese hasten corrosion and that traces of man- 
ganese darken the iron slimes, but that manganese is not essential to 
start corrosion. Deposition of manganese he regarded the result of 
oxidation by the oxygen in the water, and claimed that water dis- 
solved oxygen quickly. The inference is that he considered the 
reaction a chemical reaction, uninfluenced by organisms, and he may 
be viewed as the forerunner of another school of thought. 

The year 1904 brought to light several marked advances in the 
knowledge of bacteriological actions and the occurrence of bacteria 


21 Op. cit. 

22 Weibull, M.: Ein Manganhaltiges Wasser und eine Bildung von Braun- 
stein bei Bjérnstorp in Schweden; Z. fiir Untersuch. Nahr. u. Genuss., Bd. 14, 
403-5, 1907. 
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in water systems. It may be considered a critical year. Adler% 
studied the smaller bacterium Anthophysa vegetans and concluded 
that it precipitated two to three times as much manganese as iron, 
that iron seemed to be of no consequence to Anthophysa, and that 
the accumulation occurred as a residue on the outside of the sheath, 
the view accepted today, and not in the cells, as formerly advocated 
by some investigators. He established that a relationship existed 
between alkalinity of waters and alkalinity caused by bacteria, to 
precipitate iron. He stated that Gallionella, theretofore deemed rare 
was very abundant in nature, and that Crenothrix favored city water 
mains and especially the dead ends of a distribution system. 

Schorler now discovered Clonothrix fusca and found that it had 
great capacity for manganese as well as iron, and that deposits asso- 
ciated with Crenothrix often showed more manganese than iron. He 
disagreed with Jackson who had created a new species of it and had 
called it Crenothrix manganifera. In the Dresden system, which 
Schorler examined, Crenothrix not only showed a preference for man- 
ganese, but grew more rapidly when manganese was present. Gallio- 
nella was also present but did not attack manganese. He advocated 
the addition of lime and the frequent removal of the slimes to help 
relieve the situation. 

Beythien, Hempel and Kraft” also conducted experiments with the 
Dresden water. They found the deposits in the pipes containing five 
to fifteen times as much manganese as iron, and where the manganese 
was highest Crenothrix was most abundant, and that bacteria growth 
was influenced by manganese, if not, in fact, essential to it. They 
warned against manganese where new systems were to be established. 

Schorler* in re-counting his studies of 1905 of the Dresden system 
gave support to the view that iron bicarbonate when attacked by 
Gallionella furnished growth energy. He claimed that iron was not 
required as a life process, but that the iron molecule stuck to the 
mucilaginous sheath of the bacterium and that there oxidation became 
complete. 


24 Adler, O.: Ueber Eisenbackterien in ihrer Beziehungen zu den therapeut- 
isch verwendenten natiirlichen Eisenwisserns. Central. Bact., Par., u. In- 
fect.; Bd. XI, Abt. 2, 215-19, 277-87, 1904. 

** Beythien, A., Hempel, H., and Kraft, L.: Beitrage zur Kenntnis des 
Vorkommens von Crenothrix Polyspora in Brunnenwissern. Z. fur Unter- 
such. Nahr. u. Genuss.; Bd. 7, Heft 4, 215, 1904. 

26 Schorler, B.: Die Rostbildung in den Wasserleitungsréhre. Centralb. 


Bact., Par., u. Infect.; Bd. 15, Abt. 2, 564-68, 1906. 2h, OLS ee 
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ler II. THE PERIOD OF INORGANIC CHEMISTRY (1906-1914) 
ided Any account pertaining to demanganization must of necessity 
ron, disclose the year 1906 as the marker of the first big turning point. 
that The calamity at Breslau, Germany, which began March 28, 1906, will 
ath, always be regarded as the classic case; not only because of what hap- 
ited pened to the water system, but because of the firm position taken by 
sted biologists for bio-chemical treatment and the challenge returned by 
» to chemists in behalf of inorganic chemical treatment. Up to 1906 not 
rare much had crept into the literature about manganese precipitating 
ater from water supplies; nevertheless, it should be remembered that the 

element manganese was originally found in 1774 and that for over a 
nad century manganese contained in watery solutions had been precipi- 
S0- tated by several methods. The chemist was, therefore, by no means 
He an interloper in 1906, but the biologist had been making sensational 
lad progress up to that critical moment. The fact that at Breslau drastic 
ich steps had to be taken to rectify a dilemma brought the chemist from 
an- out of the deep shadows that bacteriologists were temporarily casting. 
io- This situation developed that there then were two well formulated 
ed schools of thought, the one based on bio-chemical action and the other 
lp on simple inorganic chemistry. 

Breslau had shortly previous to 1906 discontinued using the Oder 
he River and resorted to an under-ground supply which was tapped by 
ve about 300 driven wells located on the flats of the same river. On 
se March 28, 1906, a flood caused the river to spread over these flats at 
ih the site of the wells. Quickly the iron content rose to 440 p.p.m. and 
y the manganese content rose to 228 p.p.m. and the water became use- 
1 less and offensively putrid. It is, therefore, easy to understand why 
n this is known as the Breslau Calamity. It became a controversial 
y topic of nation-wide magnitude. The technicians in charge, or in the — 
t employ of political subdivision of the German Empire, faced a new 
e problem and had to determine why the elements increased, what the 
e source of them was, and how to combat the situation. The investi- 

gation showed that the existing literature contained virtually nothing 

as to manganese-contents of waters and the effects of manganese on 
water systems. 

Geological investigations as to this catastrophe led to the conclu- 

sion that the source of the manganese was in the alluvium. Woy”? 

27 Woy, R.: Stérung der Breslauer Wasserversorgung durch Mangansulfat; 

Z. fiir Oeffent. Chemie. Bd. XII, Heft VII, 121-25, 1906. 
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pointed out that carbonates disappeared, that sulphates increased and 
that acid reactions developed. The flood waters had dissolved the 
residual manganese, and these iron and manganese-laden waters per- 
colated downwards and became a part of the underground reservoir 
which the wells tapped. Woy knew that Dresden had manganese 
troubles and that Crenothrix polyspora had been found in the Dres- 
den system; but in the Breslau system he found neither Crenothrix 
nor Leptothrix, both of which he said live in waters containing iron 
or manganese, or both. The dominant view taken was that bacteria 
should be used at Breslau to reniove iron and manganese, and the 
advocates of that view undertook to hold their ground. 

Liihrig’* took the view that it was a fallacy both to depend on 
bacteria and to relegate inorganic chemistry into the background, 
Not finding any precedents in the literature, Lithrig outlined some 
likely methods for manganese removal and made extensive tests. 
Liihrig and Blasky”® continued the work in 1907. It might be of 
interest to relate the nature of this work, and the conclusions derived, 
because of the bearing their work had on this problem for many sub- 
sequent years. It should be said first that nothing was accomplished 
by either the bacteriologists or the chemists, because before the local 
authorities could arrive at an agreement on causes and treatment the 
flood had subsided, and upon the recession of the water from the 
valley floor the situation rectified itself. 

Liihrig’s first conclusion was that aeration and filtration are success- 
ful if much iron is present with the manganese and if both are present 
as bicarbonates, and that manganese can not be removed if present 
as sulphate and never entirely. Aeration and filtration proved more 
effective if lime were added, but because the latter gave an unpleasant 
taste to the water it required the addition of some other substance 
to neutralize the imparted flavor. Aeration and filtration proved 
more effective if potassium permanganate were added, but the latter 
made the water acid and then the addition of a neutralizing substance 
was needed. Additions of such materials are expensive and trouble- 
some and require close supervision of daily variations in the water to 
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28 Liihrig, H.: Ueber die Ursachen der Breslauer Grundwasserverschlect- 
erung und die Mittel zu ihrer Behelung; Z. fiir Unt. Nahr. u. Genuss; Bd. 14, 
40-63, 1907. 
eee 2° Liihrig, H. and Blasky, H.: Mangan im Grundwasser der Breslauer Wass- 
3 : erleitung und die Frage der Abscheidung des Mangansulfates aus demselben; 
Chem. Ztg.; Bd. 31, Heft 20, 255-7, 1907. 
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avoid over-dosing or under-dosing, which would always be an im- 
portant consideration. It was also ascertained that the higher the 
content of CO, the greater the amount of aeration needed. It was 
concluded that manganese had the power of preventing the removal 
of the last of the iron, and that sand filters worked better if manganese 
is present. Later Liihrig and Blasky emphasized the lack of man- 
ganese analyses theretofore made for waters and that original exten- 
sive research was necessary to arrive at a process. Any process, they 
said, must be rapid (which would not be the case if bacteria were 
used) and the water effluent must be tasteless. They proposed five 
possible procedures: (1) using permanganates, (2) electrolysis, (3) 
organic precipitates, (4) transforming the salts of manganese to some 
other form, and (5) removing the manganese in the form of oxides or 
carbonates. All were deemed undesirable, some especially on the 
basis of being too costly. It was believed that transforming the salts 
to some other form had possibilities, and they mentioned that R. 
Gans recommended using zeolites after first deferrizing and decar- 
bonizing. Gans*® believed the exchange of alkaline bases arising 
when zeolites were used to soften water would be equally effective 
in removing manganese. 

During the next few years developments followed along those lines, 
but foremost was the attention given by chemists to the development 
of quick methods for the determination of manganese in water. The 
slow and tedious method of boiling down a gallon or two of water to 
produce a precipitate of sufficient quantity was replaced by the speedy 
colorimeter method in use today. 

Molisch*! found, in 1909, and described a new bacterium of the 
lower order that precipitated manganese. He named it Siderocapsa 
Treubii. Another thread bacteria he called Clamydothrix sideropus 
Molisch, but which he found associated only with iron hydroxides. 
Ellis? later claimed it might be only a variety of Cladothrix dicho- 
toma. 

The study of bacteria continued unabated and these organisms 
were still to receive their test; but of importance was the work by 


0 Gans, R.: Ueber die technische Bedeutung der Permutit (der kiinstlichen 
zeolithartigen Verbindung); Chem. Ind., Bd. 32, 197-200, 1909; Bd. 33, 48-51, 
66-9, 1910. 

31 Molisch, H.: Die Eisenbackterien; Centralb. Bact., Par. u. Infect., Bd. 
29, Abt. 2, 241-3, 1911. 
Op. cit. 
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Gans,* who had just then completed making artificial zeolites anq 
called the substance Permutit, which he patented. Believing jm. y 
plicitly in the theory of exchange of bases, Gans added 6 to 8 percent : - 
manganese to his new product and called it manganese permutit, 4 on 
filter was built at Glogau and various combinations of methods were te 
used, including manganese permutit and lime added before he filtered = 
the water through permutit. Gans believed that the manganege jp * 
the water attached itself to the permutit, the calcium exchanging for = 
the manganese in the water, and, therefore, the filter required daily ; 
7 backwashing and regeneration with calcium permanganate. This a 
; i was slow and expensive. He said an insoluble substance in excesg 7 
was needed, and believed his manganese permutit the desired sub- 1913 
aS stance. Because manganese in the water was removed only after deen 
7 wis sufficient manganese had been precipitated from the water, he advyo- i 
7 : * cated using a large surface area for the contact beds. He covered the pin 
‘ i ai sand grains with permutit, but could not get a fast enough flow, and facts 
permutit bed had to be loosened daily. All in all, progress was 
: ae being made, but the theory was still misunderstood. Tt 
a He Meantime more information regarding the occurrence of manganese ant 
in waters was being assembled. Weston,** after touring Europe, re- 1913 
5 ae ported manganese in the supplies used in various cities, including igh 
see Berlin, Breslau, Brunswick and Hanover in Germany, Arad in Hun- den | 
gary, at Bjornstorp in Sweden, and in Massachusetts. 
‘ Ng In 1910 Ellis*® described Spirophyllum ferrugineum Ellis, the last gane: 
of the thread bacteria, and concluded that Leptothrix, Spirophyllum pal 
Pe Yat and Gallionella represented different life cycles of one and the same pat 
organism. 
ae, In 1911 Molisch* determined that for Clamydothrix a lack of man- | 45, 
_ _ ganese caused shorter threads and thinner sheaths; and spoke of the | paige 
inereasing number of organisms that precipitate manganese. plant 
ae In 1912 Poppel,*’ chief chemist of the Egyptian government, in a cnet) 
laboratory test, ran water through chalk to remove carbon dioxide il 
i and then filtered the water through pyrolusite. This seems to be the The - 
ms: first time this mineral was used. Poppel said that washing pyrolusite | a 
cit. 
3 Op. cit. 
37 Poppel, A.: Entmangung von Wasser; Chem. Ztg., Bd. 32, Abt. 2, 1912; Dresd 


Chem. Tech. Repertorium, Nr. 1/3, p. 7, 1912. iit es 
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at a high temperature regenerated it, probably believing that it had 
g limited life. Schmeitzner,** in 1913, referred to Poppel’s work and 
claimed that the method was reliable and especially applicable when 
the manganese content is not constant. He claimed pyrolusite could 
be used in closed vessels because atmospheric oxygen was not needed 
in the reaction. He also claimed that there was no loss in the effi- 
ciency of pyrolusite after years of operation. Manganese, said he, 
“was drawn to pyrolusite like iron to a magnet.”” He did not find 
rieslers and aeration effective without the addition of lime and per- 
manganates, but considered that a clumsy and costly method. 

Bartow*® gave an account of surveys made in Illinois in 1911 and 
1912. Not until 1911 was manganese detected in Illinois. He 
deemed the occurrence of manganese in natural waters rather com- 
mon, but found iron always in excess of manganese. In Missouri he 
found water with manganese as high as 4.5 p.p.m. He pointed to the 
facts that water occludes oxygen quickly upon exposure to air and 
that water with low alkalinity required the addition of lime. 

The experience of the City of Dresden, Germany, is a notable 
contribution to the subject, and that experience, as well as the year 
1913, mark the culmination of the epoch which began with the Bres- 
lau experience in 1906. Vollmer,*® who was identified with the Dres- 
den plant in a technical capacity, was in 1912 strong in his belief that 
the action of bacteria was essential. He advocated removal of man- 
ganese by passing water through a filter and clarifier charged with 
manganese bacteria. An indifferent substance to be used as a filter 
medium and that air would not be required, was his view. A plant 
was built, and it went into operation in 1913. The water was passed 
through crushed marble to eliminate CO,, and bacteria were placed 
_ on the filter beds. Dresden obtained its water at three different 
plants. In one the water contained 0.25 p.p.m. manganese, in 
another 0.35 p.p.m. and in the third 0.65 p.p.m. The bacteria per- 
_ formed sufficiently in the first two plants but only poorly in the third. 
The task here was too big. The filter bed was thereupon covered 


8 Schmeitzner, R.: Ueber Entmangung von Grundwasser; Tech. Gemeind., 
Bd. 15, 343, 1912-13; Wasser u. Abwasser, Bd. 7, 376-7, 1913. 

* Bartow, E.: Occurrence of Manganese in the Water Supply and in an In- 
crustation in the Water Mains at Mt. Vernon, IIl.; Univ. of Ill. Bull., Vol. 10, 
No. 36, 1913; Water Sur. Ser. No. 10, 57-65. 

© Vollmer, D.: Die Entmangung des grundwassers im Elbethal und die fiir 
Dresden Ausgefiihrte Anlagen; J. Gasbel. u. Wasserver.; Bd. 57, Heft. 43-44. 
44-8, 956-9, 1914. 
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with about 3 feet of manganese-permutit and then good results were 
obtained. Backwashing was not resorted to very often. Porous 
rock and coke were deemed favorable for attachment by bacteria, 
The Dresden method did not prove as good as desired, and Vollmers’ 
account presented in 1920“ shows that some substantial changes jn 
views and practice were later adopted. Bacteria had been given their 
opportunity. 


III. THE PERIOD OF PHYSICO-CHEMISTRY (1914-1922) 


With the approach of 1914 a new period became inaugurated, 
Simplicity of operation and the application of more direct methods 
seemed to have been the ends sought. The use of bacteria had been 
demonstrated to be effective to some extent, but at best they were 
slow, and the use of lime and acids and kindred substances were 
preferably to be avoided rather than tried. The American engineers 
. Weston and Barbour attacked the problem in 1913 and 1914. Bar- 
bour,*® working with the water of Lowell, Mass., tried coke in contact 
beds, the water having been prefiltered and finally filtered through 
sand beds. He found aeration advantageous over lime treatment. 
Weston* noted that the precipitates near the wells showed only 
little manganese and further away showed only manganese and little 
or no iron. He considered carbon dioxide a preventive of precipi- 
tation and new organic matter troublesome, and decided that man- 
ganese prevented the removal of all iron. To remove manganese it 
was found necessary to increase the contact period. In treating Co- 
hasset water, he aerated by passing the water through a coke bed, 
then allowed the water to settle in a basin, and at last filtered it 
ait through sand but had no success in removing the manganese. At 
a Middleboro he used 6 feet of coke, and after one month noted accumu- 
lations of sediment on the coke and then some reduction of manga- 
: nese occurred, which he ascribed due to the coatings on the pieces of 
fost coke. He did not obtain sufficient reduction. Very little work of 
ie: similar kind was attempted by engineers after Weston’s long experi- 
; ments, and published accounts appearing since 1914 in American 


Journals are mainly recitals of observations at different places. 
j 


eo 41 Vollmer, D.: Ueber die Entmangung von Trinkwasser; J. Gasbel. u 
m -- Wasserver., Bd. 63, No. 52, 840-1, 1920. 
ae 42 Barbour, F. A.: Improving Lowell’s Water Supply; Municip. Jour., Mar. 
26, 1914. 

43 Weston, R. S.: Some recent Experiences in Deferrization and Deman- 
ganization of Water; J. N. E. W. W. Assoc., Feb. 11, 1914, p. 27-59. 


be 
| Soh: 
pou 
com 
pou 
bee! 
I 
and 
for. 
pres 
pro 
and 
| gal 
pro 
sol 
| filt 
| Mr 
Ox] 
ont 
use 
bet 
be: 
| aic 
sti 
ide 
de 
fa 
Ww: 
iu 
al 
| or 
| ni 
de 
| 
2, 
E 


only 
little 
cipi- 
nan- 
se it 
bed, 
dit 

At 
mu- 
nga- 
s of 
k of 
ican 


yoL. 25, NO. 5] MANGANESE IN WATER SUPPLIES 667 

To account for increases in the manganese contents in waters, 
Sohngen,“ in 1914, found that in anerobic processes manganic com- 
pounds can pass into dissolved ones and that soluble manganous 
compounds can be transferred into undissolved manganic com- 
pounds. The re-solution of manganese under certain conditions had 
been suspected. 

It was in 1914 that Tillmans* arrived at the crux of the problem 
and was enabled to outline the complete cycle of chemical reactions 
for deferrization and demanganization when iron and manganese are 
present as bicarbonates, although he changed one earlier view and 
proclaimed that manganese sulphate was not difficult to break up 
and was not an obstacle. He advocated deferrization before deman- 
ganization to keep sand grains clean, and considered that bacteria 
produced the alkalinity needed for the reactions in transforming 
soluble manganous hydroxide to insoluble manganic hydroxide. He 
filtered water through a bed of pyrolusite, or a substance containing 
MnO2, because it would break up manganese compounds and the 
oxygen in the water would convert them to insoluble MnO. Sec- 
ondly, he filtered through sand, with or without previous aeration or 
use of manganese bacteria. He said that permutit could be used 
because he believed it acted on the same principle as pyrolusite; and, 
besides, permutit neutralized acids formed. He believed aeration 
aided in precipitating manganese. 

In 1915 Corson* presented a comprehensive review of the previous 
studies of the chemical phase of the problem. He showed that Gans’ 
idea of interchange of the bases and the manganese of the permutit in 
demanganization was incorrect and that the phenomenon was a sur- 
face phenomenon, namely, catalysis. The physico-chemical idea 
was then and there established. It is interesting to note that Berzel- 
ius first discovered the phenomenon of catalysis in 1836, and that in 
all the literature up to 1915 pertaining to demanganization we see 
only a few sentences which might even suggest the idea of catalysis, 
namely: Raumer,‘” writing in 1903, had said that manganese was 
deposited in meters in an asylum in Bavaria by a galvanic-electric 


“4 S6hngen, N. L.: Umwandlung von Manganverbindungen unter dem Ein- 
fluz mikrobiologische Prozesse; Centralb. Bact., Par. u. Infect., Bd. 40, Heft 
2, 545-54, 1914. 

Op. cit. 

46 Corson, H. P.: Manganese in Water Supplies. 
Bull. No. 13, 145-204, 1915. 
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process arising from different metals used for piping; Lithrig,* ; 
1907, had suggested using electrolysis; and Schmeitzner,*® in 1913, 
had said that manganese was drawn to pyrolusite like iron to a mag- 
net. Corson concluded that catalysis by manganese dioxide was the 
cause, whether the manganese is deposited first in pipes by dissolved 
oxygen or by using coated sand grains or manganese-permutit in 
filters; and that the process involved an action between manganous 
compounds and manganese dioxide to form a lower oxide. Also, the 
lower the content of carbon dioxide and the higher the content of bi- 
carbonate and the lower the pH, the greater is the tendency toward 
the precipitation of manganese. Corson dissolved manganese sul- 
phate in distilled water, pumped air into the receptacle and allowed 
the water to percolate through a tube filled with sand, simulating a 
sand filter. Eventually the sand grains became coated black, and 
then manganese was extracted from the water to the point of com- 
plete removal. This was proof that manganese sulphate is not re- 
sistant to oxidation and removal. This work by Corson was an 
investigation and was not a preliminary to a prospective plant opera- 
tion, and, seemingly, in the United States, the results were not incor- 
porated in a unit operating as a demanganization plant. 

Applebaum,** reviewing the general field in 1916, concluded that 
catalyzing power seems necessary for the complete removal of 
manganese. 

Lehner® concluded that in the presence of common alkalis man- 
ganous salts yield manganous hydroxide, which, when exposed to the 
air, undergoes oxidation with the formation of hydrated manganese 
dioxide. Calcium carbonate neutralizes a manganese-bearing solu- 
tion and then hydrolysis takes place, and the lime neutralizes the free 
acid which is liberated in the reaction. Lead and lead compounds, 
acting catalytically, accelerate oxidation greatly. 

Schwab” said that in all cases reviewed contact with manganese 


seems almost essential; that carbon dioxide and organic matter and 


50 Applebaum, 8. B: Manganese in Its Removal. J. In- 
dust. & Eng. Chem., 8, 2, 1916. 

5! Lehner, V.: The Oxidation of Manganese Solutions in Presence of Air; 
Econ. Geol., 11, 2, 115-117, 1916. 

52 Schwab, J. W.: The Removal of Iron from Municipal Water Supplies; 
Univ. Kansas Bull., Vol. XVII, No. 8; Bull. No. 1, Div. State Chem. Res.; 
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manganese hold iron in solution; and that contacting with coke 
brings down iron with manganese. 

In 1917 Sale* reported that precipitates plugged the pipes in Pierre, 
South Dakota, the water containing 2 to 3 p.p.m. manganese and 
the deposit formed analyzing 44.45 percent manganese and 8.4 per- 
cent iron. Most of the deposit was formed in the mains near the 
wells, indicating rapid action hardly to be associated with bio-chemi- 
cal processes. 

In 1918, Flinn, Weston and Bogert concluded that preliminary 
filters were not practical, and for removing manganese a more thor- 
ough preliminary treatment was needed, but did not say what the 
best method might be. 

In 1919 bacteriologists again appear conspicuously but in a some- 
what different réle than theretofore. Ellis, in England, and Har- 
der,® in the United States, each published an extended treatise on 
iron bacteria. Ellis classified the bacteria, and endeavored to em- 
phasize how they lived and thrived in water supplies, how detrimental 
they could be and how, from the same standpoint, they could be put 
to use by engineers. Also that they could as well be viewed as man- 
ganese-bacteria. Harder presented the subject from the standpoint 
of their possible and likely function in developing rock formations of 
sedimentary origin. In that respect these bacteria are to be viewed 
as universal in occurrence and always constituting a factor to be 
reckoned with. Both treatises are very comprehensive presentations 
of the subject. Ellis’ most interesting contribution is the postulation 
of a force which he calls chemistatic affinity ; that is, these organisms 
possess an affinity for iron and manganese and ignore other com- 
pounds, when, in fact, the iron, or the manganese, itself does not seem 
to enter into their physiological functions. Their mucilaginous 
sheaths are adapted to holding the iron and manganese molecule, and 
under the alkaline reaction of the sheath itself enable the formation 
by oxidation of the insoluble oxides. Bacteria, said he, influence the 
rate of oxidation by liberating substances which affect oxidation as an 
external process. The substance is known as enzyme. The action 
is, therefore, organic catalysis. rst ai 

53 Sale, J. W.: Manganese in Water Supply of Pierre, So. Dak.; Eng. News 
Rec., Feb. 16, 1917. 

4 Flim, Weston and Bogart: Waterworks Handbook; p. 729, 1918. 
55 Op. cit. 


25, NO. 5 MANGANESE IN WATER SUPPLIES 
In 
1913, 
mag- 
ved 
nous 
the 
Cha | - 
vard : 
sul. | 
wed 
1g a 
and 
re- 
an 
or- 
“ig 
rat 
of 
he 
se 
= a 
| 
8, 
d 
a 
| 
; 


Falk, K. G.: Catalytic Action; Chem. Cat. Co., 


CARL ZAPFFE) 

Consequently, from bacteria one learns the lesson of demanganiza- 
tion for a physico-chemical process. It was now becoming apparent 
that manganese could be removed by either bio-chemical or physico- 
chemical processes; and inasmuch as the latter was rapid, the former 
was not required, but could be applied in association with the other 
and make the desired result more certain. 

In 1920, Hoojer*’ referred to the plant at Dessau, Germany, where 
deferrization is practiced and manganese becomes extracted after the 
filter sands become coated with. manganese oxides. 

Vollmer®* at the same time described the newer Dresden method, 
He stated that water must trickle through pyrolusite and alkalinity 
must be provided, as bacteria show it. Pyrolusite used must be 
fine, to gain surface area, and its action is facilitated with the proper 
degree of alkalinity established. Bacteria act like pyrolusite and 
also create alkalinity. By following and adopting those ideas the 
three Dresden plants eventually became effective and cheaper to 
operate. Backwashing was needed but once in six months. This 
later installation at Dresden is based on using pressure filters instead 
of open filters and, therefore, virtually excludes using bacteria. The 
situation had become reversed. 


to 
THE PERIOD OF CATALYsIS (1922-1930) 


The period from 1922 to 1930 still offers a miscellany of views, but 
can be designated as the period of catalysis. Berzelius discovered the 
phenomenon of catalysis in 1836 and considered it an internal force 
of the substance. Not until 1902 to 1906 did the first important 
treatises on catalysis appear. In 1919 Rideal offered the first sum- 
mary, but later Rideal and Taylor®® and several more writers treated 
the subject in great detail, and this group of publications probably 
represents the best thought on the subject of catalysis. Falk,®* in 
1922, emphasizes the chemical nature of catalysis. He considers that 
catalysis is governed by the laws of chemical reaction, and terms the 
reaction catalytic oxidation. 


57 Hoojer, K.: Der Eisen und Mangangehalt des Wassers und seine Entei- 
sung und Entmangung. J. Gashel u. Wasserver., Bd. 62, 223-5, 1920. 

58 Op. cit. 

5° Rideal, E. K. and Taylor, H. S.: Catalysis in Theory and Practise, 2nd 
Ed., MeMillan & Co., Ltd., London, 1926. 
New York, 1922. 
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In 1923 Whitesel and Frazer™ advanced the idea that catalysis is 
due to a rapid shifting of electrons in the manganese atoms, and that 
MnO» speeds up the reaction O. = O + O, which helps account for 
the increased activity of oxygen. Manganese ions are catalysts. 
The nature of the active surface is important, and for that reason 
surfaces must be kept clean. 

Rideal and Taylor,” in 1926, advocated that the kinetic impact of 
collision affects disruption, and in addition to energy supplied by 
kinetic agitation an electric distortion of the molecule is produced 
simultaneously. An adsorption compound is first formed between 
the catalyst and the reactant, and this compound is subsequently 
supplied with activating energy of collision or radiation. Activity 
is increased by fineness of grain, and an inert support advances 
catalytic action; also manganese dioxide plus some ferric oxide pro- 
motes the power of catalysis. Those substances that have oxides in 
several higher valences are the better catalysts. 

Hilditch,® in 1929, refers to catalysis as a supplier of sufficient 
energy to produce activated molecules. The reaction velocity seemed 
tobe controlled. To him catalysis appeared to be an electro-chemical 
mechanism, and that clean surfaces and rough surfaces are desirable. 

In summation one can say that fine grained pyrolusite is a power- 
ful catalyst, and that precipitated manganese dioxide containing some 
ferric hydroxide, resting on a porous, basic inert support is the best 
combination to provide. Clean surfaces are necessary and life per- 
haps without end is then assured. Whatever its physical nature, 
catalysis causes a disruption of molecules, promotes oxidation, and 
is a property of the electrons at the outer surface of the molecule. 

Another property that had only little previous made its appearance 
in the literature but was being given greater consideration during 
this decade, was hydrogen ion concentration, designated pH. In 
1924 Baylis“ wrote that precipitation is probably affected by hydro- 
gen ion concentration, alkalinity and other compounds; and because 
manganese dioxide had remarkable adsorptive powers, adsorption 
rose rapidly as the pH increased. Baylis believed that most man- 


61 Whitesel, W. A. and Frazer, J. C. W.: Manganese in the Catalytic Oxi- 
dation of Carbon Monoxide; Jour. Amer. Chem. Soc., 45, 2841 et seq., 1923. 

® Op. cit. 

6’ Hilditch, T. P.: Catalytic Processes in Applied Chemistry; D. Van Nos- 
trand Co., New York, 1929. 

* Baylis, J. R.: Manganese in Baltimore Water Supply; Jour. Amer. W. W. 
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ganese could be removed by adsorption in filter beds, and that aera. 
tion, pre-chlorination and alkali increased the efficiency. Baylis 
also claimed ferric hydrate with lime treatment could be used to 
precipitate manganese. 

Kuhr,® in 1927, considered bacteria an essential factor at Leiduin, 
Holland. He studied the lower forms and found them operating with 
a pH ranging from 5 to 11. The manganese was found inside the 
cells. Manganic oxide had the capacity to retain manganese as man- 
ganous compounds from watery solutions. He found manganese 
dioxide regenerated by the additions of the precipitates. 

Tillmans, Hirsh and Grohman® approached the subject again in 
1927. Surface area was found a dominant requirement, and because 
the precipitated material was most effective it should be preserved. 
These investigators considered pre-aeration a benefit and believed 
that it helped to reduce hardness, but that the oxygen occluded by 
water was sufficient in quantity to oxidize manganous hydroxide, 
Also, that one can substitute a higher pH for oxygen, or accomplish 
the same purpose by keeping carbon dioxide low. They did not con- 
sider manganese interfering with iron removal, but that iron, due to 
its tendency to cover surfaces, could interfere with the removal of 
manganese. They advised chlorination only after demanganization, 
and back-washing filters with chlorine-free water. Bacteria, they 
said, should be preserved to help oxidation. 

Flatter®’ described the plant put into operation in 1928 at Wausau, 
Wis. Wausau used concrete racks containing coke overlain with 2 
inches of manganese dioxide. The water was sprayed on to the 


eo racks, and in dripping from one rack to another the water became 
he exposed to the air which oxidized the iron and liberated the mangan- 
* . ese. Alum and lime were used in classifiers and sedimentation basins. 


It was claimed to be rather costly. 
Janzig and Montbank,** in 1929, studying the filter plant in Minn- 
eapolis, found manganese increasing in the waters standing in idle 


8 Kiihr, C. A. H.: Manganese in Waterworks; Jour. Amer. W. W. Assoc., 
18, 1, July, 1927. 

6° Tillmans, J., Hirsch, P., and Grohman, H.: The Physical Chemistry of 
Demanganization of Drinking Water; Gas- und Wasserfach, I-70:25, 1927; II- 
71:21, 481-87, 1928; III-71:22, 515-19, 1928. 

8? Flatter, E.: Iron and Manganese Removal at Wausau, Wis.; Amer, City, 
38, 3, 125-6, 1928. 

68 Janzig, A. C., and Montbank: High Manganese Effluents From Idle Fil- 
ters; Jour. Amer. W. W. Assoc., 21, 10, 1929. 
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filters, the manganic oxide on the sand grains being redissolved as 
manganous oxide, due to aerobic biological activity and change in pH. 
Aerobic bacteria were viewed as oxidizing manganous compounds to 
manganic compounds. 

Rudolfs,®® describing observations made at a private plant in 
Eindhoven, Holland, sprayed water on to a layer of crushed lava 8 
feet thick. Lava was preferred to other rock because it was more 
porous. Between the basin containing the lava and the basin con- 
taining the sand filter, potassium permanganate was added. He 
found it easier to remove the manganese if a little iron was present. 


The method used was costly, however. pie mtibalsand 
V. PRESENT PRACTISE (1930) coche Sn 


The year 1930 inaugurates the final period, because for the first 
time in the United States a plant was designed for the specific purpose 
of removing manganese quickly, cheaply, reliably, and in a simple 
manner, and not as a part of an existing or a contemplated filtering 
plant used for general purifying purpose. 

This plant marks the culmination of an experience which began in 
Brainerd, Minnesota, in 1921. The public was not then conscious 
of the wide-spread occurrence of manganese in public water supplies 
nor was the public fully aware of the serious troubles caused by man- 
ganese. In 1919, as described by Zapffe,”° Brainerd abandoned using 
the water of Mississippi river and resorted to well-water obtained 
from beds of gravel in the heavy mantel of glacial drift. By 1921 an 
entire new distribution system including wells, reservoirs, pumps and 
meters was completed. The water had been sampled often and was 
analyzed for iron, but not for manganese. In a year or two meters 
and service lines became plugged. The material causing the stop- 
page analyzed 30 to 33 percent metallic manganese and 12 to 15 per- 
cent metallic iron, and analyses of the water obtained from the wells 
showed average contents of 1.2 p.p.m. iron and 0.8 p.p.m. manganese. 
Vigorous flushing would not remove enough of the sediment lodged 
in the pipes and it was evident that a manganese-removal plant was 
required. Inquiries showed that no plant had been built which was 
designed for that purpose and which operated quickly, simply and 


69 Rudolfs, W.: Water Treatment Plant at Philips’ Glow Lamp Works, at 
Eindhoven, Holland; Water Works and Sewerage, p. 7-8, January, 1929. 

70 Zapffe, C.: Elimination of Manganese from Ground Waiters; Minnesota 
Municipalities, 14, 9, Sept., 1929. 
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674 "CARL ZAPFFE AL 
cheaply. Opinions offered seemed always to be to the effect that 
manganese could not be precipitated, and text books on public water 
supplies did not disclose more than that there is such a substance ag 
manganese and that its removal had proved difficult, and that at. 
tempts made to remove it had proved unsatisfactory. 

Analyses made of the Brainerd water taken at various places from 
the mains showed that about 80 percent of the content of manganese 
in the water was deposited within the first one-half mile of pipe lead- 
ing from the pumping station, and that at a distance of three to four 
miles all manganese had been precipitated. The water had not been 
treated in any manner except to pump it as it left the wells. It was, 
therefore, apparent that manganese was being removed completely, 
quickly and simply. Zapffe7! began experiments in 1928 to determine 
the fundamental principles involved. In 1929 a pilot plant was built 
and it was operated four months in 1929 and eight months in 1930, 
From those tests the engineering data were determined needed for 
the design of the plant, which was built in 1931. 

These tests showed that manganese could be removed without the 
aid of bacteria or chemicals; but whatever the physico-chemical 
process might be, the lessons as to conditions needed could be learned 
from the method one might ascribe to biochemical action. Zapffe” 
described the process in 1931 and also showed therein its application 
to the deposition of certain geological formations of large scale. In 
the water mains bacteria, in all probability, begin the deposition of 
manganese which ultimately assumes the form, in part at least, of 
manganese dioxide, and once manganese dioxide is formed it can be 
safely inferred that thenceforth the manganese in solution is pre- 
ponderantly removed by inorganic catalysis, under slightly alkaline 
conditions. Alkalinity, judged by hydrogen ion concentration, has a 
value of about 7.2 to 7.3. In the plant designed, the water obtained 
from the wells is forced upward through a considerable thickness of 
finely ground pyrolusite (containing about 70 percent manganese 
dioxide), and in overflowing is sprayed on to a bed of small size coke 
which rests on a thin layer of crushed basic rock. Here the manga- 
nous hydroxide formed by catalysis, is, in the presence of excess of air, 
or oxygen, converted to stable manganic hydroxide and manganese 
dioxide in a finely divided condition. These coke beds collect 80 
percent of the iron and manganese contained in the raw water. Here 

1 Op. cit. 

_ ™ Zapffe, C.: Deposition of Manganese; Econ. Geol., 26, 8, 799-832, 1931. 
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also the bacteria can collect and propogate and give such assistance 
as they can, and will. This coke bed acts also as an aerator and as 
an inert support of a powerful catalyzer, all of which makes more 
certain the removal of manganese. The manganese there gathered 
acts not only like the pyrolusite through which the water first passes, 
put also offers an excess of power or capacity desired to break down 
possible sudden excessive increases of manganese in solution in the 
raw water. The system becomes self-regulatory. 

From the coke-bed the water flows into a regulation open sand- 
filter. This filter is built of a basal layer of crushed basic rock, to 
help promote alkalinity, covered with fine silica sand. This fine 
sand is necessary to assure the removal of all the iron, because iron 
when oxidized is like a gelatinous substance and requires a fine filter 
medium. The sand-filter also catches manganese which escapes the 
coke bed. The efflucnt is free of iron and manganese, and the hydro- 
gen ion concentration rarely exceeds 7.3. Backwashing has been 
light and is done once in four to five weeks as a precautionary measure 
rather than as a necessity. 

The regulation of the plant is automatic. The raw water is 
pumped to the top of the building, and from that point moves by 
gravity through the whole plant and into the collecting reservoir. 
From the reservoir it flows into the centrifugal pumps in the pump- 
ing station which propel the water through the distributing system. 
Thus the whole operation is simple and reliable in all respects, re- 
quires no chemicals or replacements, no technical supervision, and 
is sufficiently original that a patent has been applied for the process. 

Weston,” a pioneer in America in experimental work, in 1931 re- 
viewed progress made in demanganization since he first began in- 
vestigations, in 1903 or sooner, and related virtually ail the principles 
used in the Brainerd plant, but stated that while hard water high in 
iron was easily purified, soft waters low in iron and pH but high in 
organic matter were hard to purify. In the latter regard Moore and 
Maynard” showed, in 1930, that little organic matter was very po- 
tent in holding much iron in solution, but that contact with atmos- 
pheric oxygen would break down that holding power. Of course, 


73 Weston, R.: Manganese in Water, Its Occurrence and Removal; Jour. 
Amer. W. W. Assoc., Sept., 1932, p. 1272. 

4 Moore, E. 8S. and Maynard, J. E.: Solution, Transportation and Precipi- 
tation of Iron and Silica. 
1929. 
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water too high in organic matter might not be used as a supply, or 
might be prefiltered to remove it. Such waters have not been sub. 
jected to a process like the Brainerd process; but if catalysis aided 
by using particles of ore of fine size and under conditions favoring 
proper alkalinity and the admission of sufficient oxygen are the pre- 
requisites in demanganization, in time we may find that all usable 
waters will respond to such treatment. 

The main deficiency in published records still is, as always, in- 
sufficient analyses for manganese in various raw waters. The neces- 
sity of it has not yet been fully appreciated. However, the past few 
years have brought to light a rapidly increasing number of waters 
containing manganese. A not unimportant feature is the fact that 
people have too often taken it for granted that iron and manganese 
are very similar. If the two substances had been regarded as being 
dissimilar rather than similar, and if it had been impressed upon 
people that manganese, even if present in small quantities, is a trou- 
blesome substance, and more so than iron, the problem of deman- 
ganization might have been solved long ago. But, when one stops 
to think that manganese in water was not recognized as a serious 
substance until the Breslau disaster in 1906; and that catalysis and 
other physico-chemical processes with respect to water treatment 
did not receive serious recognition until about 1915; and that the 
processes of deposition of manganese in nature in and as rock forma- 
tions are just beginning to be comprehended; it is not quite so sur- 
prising that the problem of demanganization remained unsolved until 
now. 

(Presented before the Minnesota Section meeting, September 15, 1982.) 
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can be controlled by automatic chlorination or the use of chloramine. 


TASTE AND ODOR CONTROL IN WATER SUPPLIES 
me bas abitolds.ai iw, 
(Chemist-in-charge, Experimental Station, Department of Health, = 


“Taste” is the sensation caused when certain soluble substances 
are brought into contact with the mucous membrane of the mouth. 
Water works engineers have come to use the word not as the verb, 
but as a noun to mean the substance causing ‘‘taste.’’ Delicacy of 
perception of substances varies with the individual and in the in- 
dividual, depending on the health and habits. The individual idio- 
syncrasies as regards the perception of taste vary markedly. 

This renders the task of determining ‘taste’? somewhat difficult, 
because a number of the substances causing ‘“‘taste’” have not been 
identified chemically, or are present in such minute quantities that 
they cannot be measured. The only yard stick possible is the ver- 
bal description of the taste by the people using the supply under 
investigation, and this is further complicated by the fact that a 
large number of people ascribe all tastes to chlorine, in a supply which 
chances to be chlorinated. sub asweidT 

“Taste” causing substances fall roughly into four groups: 5980 


TASTE CAUSING SUBSTANCES 


Mineral saltsin solution 
By-products of microdrganisms 
organic compounds” 


Dissolved gases such as H,S and CO, are readily removed by aera- 
tion or oxidation. Aeration has been used with some success at 
Watford, Forest, Essex, North York, Dundas, and Richmond Hill. 
Their results are reported by D. H. Matheson and no further men- 
tion need be made here. The sharp characteristic taste of chlorine 


Tastes due to chlorides of calcium and sodium occur in some of 
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A. V. DE LAPORTE AW Wea 
our deep well supplies, witness the first wells drilled for the town 
of Weston. No process has yet been devised for the elimination of 
these salts on a municipal scale. Iron can easily be removed by 
oxidation and precipitation. 

Tastes due to microérganisms and their by-products, and to vari- 
ous organic salts, have been a constant source of trouble. We have 
experimented with potassium permanganate, ferric chloride and ae- 
tivated carbon. No experiments with super and dechlorination were 
conducted, as this method of treatment has been thoroughly worked 
out by N. J. Howard in his classic work at Toronto, and also because 
no equipment was immediately available. 

Potassium permanganate has been tried at several places with 
very indifferent results. Activated carbon has been almost uniformly 
successful, and is being used today at New Toronto and Napanee. 
Mr. Thomas of New Toronto will give the details of the treatment 
and its success at New Toronto. 


ff CHLORAMINE IN CANADA 


‘The first use of chloramine in Canada was by Joseph Race at 
Ottawa in 1917,' following work by Raschig? and S. Rideal.* Ottawa 
River water was peculiarly suited for this treatment due to the 
comparatively low pH value, which expedited sterilization by chlora- 
mine, and the sterilization was accomplished with a smaller volume 
of chlorine than was necessary in the straight chlorine treatment. 
This was due to the high chlorine demand of the water of the Ottawa 
River. 

Work was undertaken in the laboratories of the Ontario Depart- 
ment of Health, with a view to extending this treatment to Great 
Lakes waters, but while results from a bacteriological standpoint 
were excellent, it was found that there was no economy in the use of 
ammonia. It was found that chlorine required for the chloramine 
treatment was the same as for a straight chlorine dosage, and that 
working on a residual chlorine basis, the bacteriological results were 
similar. This was probably due to a low chlorine demand and a 
higher pH value in the Great Lakes water. 

Articles appearing from time to time in the current literature note 
a lag in sterilization in chloramine treatment over the straight chlor- 


1 Race, J.: Jour. Amer. W. W. Assoc., 1918, 5: 63. 
- *Raschig: Chem. Zeit., 1907, 31: 926. 
- 8Rideal, S. J.: J. Royal San. Inst., 1910, 31: 33-45. 
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ine treatment. With a view to determining the lag, an investigation a wa 
was made in the laboratory, using a technique somewhat similar 

to the Rideal technique for determination of phenol equivalents. 
Tests were run using B. Typhosus, B Para Typhosus A,andB Para 
Typhosus B. These tests demonstrated that there is work to 
be done to prove or disprove a lag, and the causes of a lag ~~ a o 
noted, and I would hesitate to express a positive opinion on nll 
matter. 

Chloramine treatment is now in use at Wallaceburg, Guelph, ~ 7 
Chatham, and St. Thomas. At Wallaceburg and Guelph, it is 
used for prevention of the development of phenolic tastes; at Chat- 
ham for chlorinous tastes and algae control, and at St. Thomas for 
a taste which is difficult to describe. The treatment applied at 
these several plants and its success will be given by J. E. Caughey 
of Wallaceburg, H. 8. Nicklin of Guelph, and J. W. Mustard of 
Chatham. W.C. Miller of St. Thomas, I regret to say, was unable 
to prepare a paper. D.H. Matheson of the Ontario Department of 
Health will give the details of the various experiments not covered by 
the other papers. 

In closing, I wish to remind the water works men of Ontario that 
when an objectionable taste occurs in the supply for which they are 
responsible, to let the Department of Public Health know immedi- 
ately so that we can assist in investigating the cause and treatment 
required. 

(Presented before the Canadian Section meeting, March 10, 1932.) 
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REMOVAL OF TASTE AND ODOR FROM MUNICIP: — 

By D. H. Matureson 


(Assistant Chemist, Department of Health, Ontario, Canada) 


Since the spring of 1931 the Ontario Department of Health hag 
conducted an extensive experimental investigation into the problem 
of tastes and odors in municipal water supplies. The results ac- 
complished are summarized in tables 1 and 2. Laboratory and 
plant-scale experiments were performed. The success of each treat- 
ment is shown by the sign affixed. ‘‘Plus’’ indicates that the treat- 
ment was successful; ‘“‘minus,”’ that no good was accomplished; and 
‘“‘plus-and-minus,”’ that only partial improvement was obtained. 

At Chatham chloramine was effective in preventing algae growth, 
and thereby also was effective in reducing the taste to a considerable 
extent. At Wallaceburg chloramine prevented the formation of the 
taste-producing chlorphenol by reducing the activity of the chlorine. 
The details of these two experiments will be given by others. They 
illustrate the two uses of chloramine treatment; first, in preventing 
taste by preventing algae growth, and second, in preventing the 
formation of taste producing substances by reducing the activity of 
chlorine. Chloramines cannot be expected to remove tastes already 
present in the water. 

The use cf granular activated carbon received considerable at- 
tention at Chatham, Haileybury, Kirkland Lake, Lindsay, and Tim- 
mins. ‘The carbon was used in the form of small filter beds through 
which water was passed. The amount of water obtained before a 
noticeable taste was secured was not large. At Chatham the ex- 
periment was discontinued before the carbon was saturated. At 
Haileybury the filter was used only during short periods of extremely 
offensive taste. At Kirkland Lake and Timmins, unfiltered water 
was used. This probably reduced the life of the carbon. At Tim- 
mins, color was removed as well as taste and odor. At Lindsay, 
clear and colorless tap water was used. The yield of tasteless water 
was 18,000 gallon per cubic foot. This is evidently too low to make 
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TABLE 1 


MUNICIPALITY 


Chatham 


Cornwall 


Hespeler 
Kirkland 
Lake 


Lindsay 

di 290 
BH 

Napanee 


New To- 
ronto 


Timmins 


gaffe: 
it 


mary ¢ 


Wallace- 
burg 


TREATMENTS TRIED 


SOURCE OF WATER 
Laboratory Plant 
Thames Weedy taste Granular acti- | Chloramine 
River and odor, and} vated car- 
| sewage pol- bon; chlora- 
| lution mine 
St. Lawrence | Chlorphenolic Chloramine; 
taste and “ete ai superchlori- 
odor from, nation 


Wells 


Lake Temis- 
kaming 


re 
Wells 

Gull Lake 

y “| 


5 


Scugog River 
| 
Napanee 
River 


Lake On- 
tario 


Mattagami 
River 
af wi 
th 


St. Clair 
River 


pipe coating 
Hydrogen sul- 
fide odor 
mineral salts 
taste 
General weedy 
taste, occa- 
sionally in- 
tense fishy- 
oily taste 
Crenothrix 
Weedy taste 
and odor 


Ba ver 
Strong weedy 
taste and 
odor 


Weedy taste 
and odor 


Chlorphenolic 
and weedy 
taste and 
odor 

Woody taste 
and odor 

| 


Chlorphenolic 
taste 


Aeration; per- 
mangana- 
tion; chlo- 
rination 

Granular acti- 
vated carbon 


Superchlorina- 
tion; chlo- 
ramine; per- 
mangana- 
tion; granu- 
lar activated 
carbon 

Granular acti- 
vated car- 
bon; perman- 
ganation; 
aeration; su- 
perchlorina- 
tion 


ean the lina 
entire 


Coagulation 
and filtra- 
tion; chlo- 
ramine; per- 
mangana- 
tion; granu- 
lar activated 
carbon 


permanga- 
nation 

lint 
Chlorination 
Chloramine 


ged 


| on 


Powdered ac- 
tivated car- 
bon; perman- 
ganation 
aeration 


Powdered ac- 
tivated car- 
bon 
Powdered ac- 
tivated car- 
bon 
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this an economical method of treatment, but small filters for domes. 
tic use would be of value in municipalities where water is not treated 
for taste removal. 

Recently a number of experiments were conducted using pow- 
dered activated carbon. This is fed as a suspension to the water 
before filtration. It is started with a dose of 2.0 p.p.m., and reduced 


Summary—experiments using granular activated carbon 
MUNICIPALITY SOURCE OF WATER PREVIOUS TREATMENT TASTE AND ODOR YIELD* 
Chatham Thames River Filtered, chlori- | Moderate weedy | 7,800 
nated 
Haileybury | Lake Temiskam- | Chlorinated, fil- | Strong, oily-fishy _ 
ing tered 
Kirkland Gull Lake (pond)|} Chlorinated Moderate, weedy | 12,500 
Lake 
Lindsay Scugog River Chlorinated, fil- | Strong, weedy 18 ,000 
tered 
Timmins Mattagami River) Chlorinated Moderate, woody} 14,600 
and weedy 


* In gallons per cubic foot of carbon. 


ment is being used successfully at Napanee and New Toronto. Mr. 

Thomas will discuss the results at New Toronto. At Napanee the 

present dose is 0.5 p.p.m., the dose is 60 cents per million gallons. 

The water is entirely free from taste and odor. At Lindsay an ex- 

periment was tried, but was not successful. Excessive dosage was 

required. 

_ (Presented before the Canadian Section meeting, March 10, 1932.) 

Allon 

bin 

Deed ( “hathar (hes 

fc the otf 


notices ablesed 


was. used. ‘Thid the af he: cartuin 


Mind, wos} 


The yield of taatel 


Thia evidently toc to 


viel) 32, 


199 { 


gradually until the minimum effective dose is reached. This treat. 


taste antl wior: Af 


i= 
tall 
! 
] 
> 
as 
‘ 
‘ 
4 
ng 
™ 
bar 
: 
Me, 
Ika 


ELIMINATION OF TASTES IN THE WATER SUPPLY AT | 
bit od} bolan 
By J. E. CauGHey 


(Superintendent, Water Works, Wallaceburg, Canada) 


For thirteen years previous to October, 1927, purification of the 
Wallaceburg Water Supply was effected by the use of lump alumi- 
num sulphate and hypochlorite of lime. During that period there 
were little or no difficulties in the way of objectional tastes and those 
that did occur were of short duration and generally attributed to 
over-dosing with chemicals through defects or failure of the crude 
apparatus used for controlling them. 

The supply is drawn from a point approximately 25 feet below the 
surface of the Chenale Ecarte River. This stream is navigable and 
is a branch of the St. Clair River. It is subjected to all forms of 
polution common to streams on which there is heavy traffic in ad- 
dition to that expected from numerous towns and cities located on 
both shores for a distance of 35 miles upstream. 

In October, 1927, a dry feed chemical machine was installed as 
well as a liquid chlorine apparatus. Early in 1928 an unfamiliar, 
strong and very objectional ‘“‘taste’’ invaded the water supply. 

Protests were numerous and not without cause. The condition 
was intermittent; they seemed more frequent during spring weather 
when the water was high and during periods of heavy wind and rain. 
Attempts were made on several occasions to correct the condition 
by varying the dosage of chlorine between the limits of safety, but 
after a fair and extended trial this method was entirely abandoned as 
a remedy for tastes. 

In the spring of 1931 the condition became serious. ‘Tastes were 
stronger than ever before and prevailed for weeks at a time. Their 
effect was such that foods were tainted and particularly tea and 
coffee, both of which were rendered quite unpalatable. Consumers 
began to doubt the efficiency of operation and insisted that too much 
chlorine was added to the water, although we checked our residual 
very closely and frequently, during these periods of tastes. The 
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taste and odor resembled that of ‘‘iodoform’’ and when a tap was 
left running wide open either at the filters or in town the odor could 
be detected several feet away. 

Accepting the well-established fact that most tastes are due to 
chlorine in contact with some form of pollution in the raw water 
supply, a brief survey of the shore lines on this particular occa- 
sion showed that wide bands of heavy oil saturated the sand or mud 
just above high water mark. These deposits might have been the 
result of an accidental spill from a ‘‘tanker’’ on the river or from the 
works of the oil companies which carry on extensive operations at 
Sarnia and Courtright, several miles upstream. 

Early in April the Department of Public Health was requested to 
codperate in determining the exact cause and after some examination, 
the application of ammonia in the form of sulphate was decided upon 
as a remedy during experimental stages. Apparatus for applying 
this material in solution form was constructed locally and put into 
operation on May 9, 1931, during a period of very strong taste. 
The tastes disappeared in about 18 hours. The treatment was dis- 
continued and in about 24 hours tastes returned again. Intermit- 
tent treatment was carried on for some time for the purpose of de- 
termining beyond doubt whether or not the improved condition was 
a mere coincidence or the direct result of the application of ammo- 
nium sulphate. It was found, however, that each time treatment 
was discontinued the tastes would soon return. Arrangements were 
made at once for continuous treatment and as a result there has 
been no return of tastes in the water supply since May 19, 1931. 

For domestic purposes the quality of the water has been greatly 
improved, so much so that many complimentary messages of a vol- 
untary nature have been received by the water department from 
various people, most of whom did not know that a new method of 
treatment had been installed. 


METHOD OF APPLICATION 


The domestic pump has a capacity of 400 Imperial gallons per 
minute and operation is intermittent. The dose decided upon was 
one pound per hour of operation. This small quantity was controlled 
by a device feeding 6 gallons of water per hour carrying with it in 
solution one pound of ammonia sulphate. The ammonium sulphate 
solution is fed into the discharge pipe of the alum machine and is 
carried from there in rubber tubing about 40 feet to the coagulation 
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pasin, where it unites at once with the discharge from the chlorinator. _ 
The period of contact before the water reaches the pressure filters 
is not more than 15 minutes, but this short period of time has been 
sufficient during the past eight months to eliminate the tastes and 
les are drawn either in the filter room after — 
filtration or from the distribution system anywhere in town. 
(Presented before the Canadian Section meeting, March 10, 1932.) 
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CHLORAMINE TREATMENT AT THE CHATHAM FILTRA. 
ON PLANT 

fost J. W. Musrarp, AB. M.B,F.CLC 


at 
Peault; of (City Analyst, Chatham, Ontario, Canada) 


The chloramine method of sterilizing a municipal water supply 
was instituted at the Chatham Filtration Plant on June 13, 1931, 
on the recommendation and under the supervision of A. V. DeLa- 
porte, Chief Chemist of the Ontario Department of Health, and dur- 
ing the remainder of that month was kept under close observation 
by Mr. Matheson of the Sanitary Engineering Staff of the Depart- 
ment. 

The new method was adopted with a view to overcoming an un- 
pleasant, weedy taste in our water supply which would always be 
noticeable during the midsummer months. It was believed to be 
largely due to abundant growth of vegetation of the algae type. 
Such growth was stimulated by the river conditions usual at that 
time of the year,—low river level, slow current, and water temper- 
ature above 70 degrees, Fahr. 

Freedom from the weedy taste during the past summer proved 
the efficiency of chloramine as a hot weather treatment. A sub- 
stantial reduction in the amount of chlorine required in the filter 
effluent to complete sterilization induced us to adopt the chloramine 
treatment as an all-the-year-round method of sterilization. The 
extra cost is negligible, less than 30 cents per million gallons. 


TREATMENT PROCESSES 


The source of Chatham’s water supply is the Thames River, a 
temperamental stream which receives a wide variety of undesirable 
contributions as it flows some 200 miles through a thickly-populated 
section of Western Ontario. The average annual variation in water 
level is 16 feet. The turbidity of the river water varies from 15 to 
2,000 p.p.m., with the maximum recorded since laboratory control 
of filtration was instituted as 2,350 p.p.m. Excessive turbidity is, 


however, r, less difficult to deal with than the the low water of of late summer 
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when the turbidity may not exceed 25 p.p.m., but the organic con- | 


tent is high and the dissolved oxygen is less than half the normal 
amount. 
required to effect complete sterilization. 

The Chatham Filtration Plant is situated on the bank of the 
Thames River a short distance above the city. Raw water is pumped 
from the river to one end of a long rectangular basin of a capacity 
which allows a sedimentation period of five days. From the oppo- 
site end of the basin the settled water flows through gravity mains to 
the filtration plant, where high-duty pumps force it through a battery 
of eight pressure filters directly into the mains leading to the city. 
Sterilization is completed by applying to the filter effluent enough 
chlorine to maintain 0.2 p.p.m. of residual chlorine 15 minutes later. 

Our first practice was to apply chlorine only to the filter effluent, 
after successive processes of coagulation, sedimentation and filtra- 
tion had removed from the raw water all visible impurities, and at 
least 90 per cent of the invisible bacteria. By that procedure a 
clear water, free from harmful bacteria, was always obtainable, but 
during periods of active vegetation the water would always have an 
unpleasant, weedy, taste which could not be removed by any treat- 
ment then available. Bi-weekly treatment of the basin with copper 
sulphate would check algae growth to some extent, but the objec- 
tionable taste would persist until the water temperature fell below 
50 degrees Fahr. 

We later adopted a plan of applying most of the chlorine used to 
the raw water as it was pumped from the river, and the remainder to 
the filter effluent in quantity sufficient to complete sterilization. 
This method appeared to partially check algae growth in the sedi- 
mentation basin, but to have little effect in preventing the unpleas- 
ant taste. 

When we adopted the chloramine treatment last summer, we ap- 
plied ammonium sulphate to the raw water as it came in from the 
river, and added the chlorine as the water passed out of the pumping 
station, 30 ft. farther along on its way to the sedimentation basin. 
The result was a marked improvement in the palatability of the 
water. The sedimentation basin was practically free from algae, 
and less than half of the chlorine formerly applied to the filter efflu- 
ent proved sufficient to complete the sterilization of the clear water 
passing out into the mains. 
sain is claimed that the colon bacillus will survive from 10 to 12 


At such times upwards of 1.0 p.p.m. of chlorine is often __ 
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minutes in water containing practicable amounts of chlorine. Ap 
ideal method of sterilizing water for domestic consumption would be 
to use enough chlorine to destroy all harmful bacteria in a few sec. 
onds, and then get rid of the residual chlorine by causing it to enter 
into some harmless and tasteless combination. That appears to me 
to be the general tendency in the chloramine treatment. It marks 
a long step forward in the purification of water supplies. 

(Presented before the Canadian Section meeting, March 10, 1982.) 
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ACTIVATED CARBON AT NEW TORONTO 


By A. H. R. Tuomas 


(Manager, Public Utilities Commission, New Toronto, Canada) 


During the past summer a decided taste and odor developed in — 
the water at New Toronto. The conditions existing at the time 


were: High water temperature and a pronounced algae growth — 


along the shore in front of our pumping station. The taste became 
so bad during the month of August that it was imperative that steps 
be taken to correct the condition with the least possible delay. We 
had on previous occasions experienced some trouble of this nature, 
but never to so great an extent. 

We asked the Provincial Department of Health to suggest some 


way of improving the situation, and they undertook to look into the = 


matter and advise us. The day following our conversation with the 
Ontario Health Department, Mr. Matheson investigated the matter 


and recommended that we try the use of activated carbon or 


“Nuchar.”’ 

We ordered a supply of this material, and having no equipment 
for feeding it, we rigged up a barrel holding about 60 gallons, and 
equipped it with an agitator. To feed the solution from the barrel 
into the sedimentation basins, we used an ordinary laundry tub 
drainer, and this equipment proved quite satisfactory for the pur- 
pose, and is still in use. 

On the advice of Mr. Matheson, we started operations by using 
0.1 grain per gallon of water, and within 4 hours or thereabouts all 
taste and odor had practically disappeared and after increasing the 
dose to 0.13 grain per gallon, not a vestige of taste remained. 


We first tried feeding the solution into the water just before it 7 


entered the pump suction wells. This gave very good results. Later 
on a representative of the Industrial Chemical Sales Company called 
at the plant to see if he could suggest any improvement in our method 
of using Nuchar. He said we might get better results by feeding 
into the water as it entered the basins, rather than into the water 
leaving them. 
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We followed out his suggestion and were still able to obtain a satis. 
factory water, although we did not observe any particular change in 
the quantity of Nuchar required. 

On cleaning out the basins there was a considerable amount of 
carbon deposited on the bottom. The reason for this deposit was 
probably due to the fact that the solution from the alum feeder run- 
ning in at the same place, drew down the carbon. We then tried 
feeding the carbon into water about 10 feet from the entrance to 
the basins, and got better results. 

As previously remarked, the taste in the water last summer was 
very objectionable, but by the time we had secured a supply of 
Nuchar, conditions had materially improved. 

Owing to this delay we were unable to test the efficacy of the treat- 
ment when conditions were at their worst. We had originally 
thought that we might be able to discontinue treatment during the 
winter months, but whether due to the exceptional mildness of the 
winter, and the consequent continued high turbidity of the water, or 
from some other cause, we have not been able to do anything of the 
kind up to the present. 

Owing to the considerable fluctuation in the demand for water, 
it is quite difficult to maintain a definite dosage with our present 
type of equipment. 

From our experience it appears quite reasonable to believe, that 
with this particular water, most if not all taste can be removed by 
the use of this material, unless something should develop far worse 
than anything we have had to contend with up to the present. 

It would also seem necessary to consider continuous rather than 
intermittent treatment, although of course the amount of carbon 
used should be varied to suit conditions. We have been using from 
0.1 to 0.13 grain per gallon, and may possibly have to use more at 
times. The cost of the treatment per million gallons based upon 
the cost of our last supply of Nuchar works out at from $1.45 to $1.80. 

With better equipment, which we hope to procure should this 
treatment continue to prove effective, we can undoubtedly obtain 
better and more economical results. 

a note before the Canadian Section meeting, March 10, 1932.) 
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XPERIENCE WITH TASTE IN WATER AT GUELPH 
By H.S. NickuN 


(City Engineer, Guelph, Canada) 


The City of Guelph obtained its water supply up to the present 
year, entirely from springs, about 24 different spring areas being 
developed, of which ten new areas have been developed during the 
winter of 1929-1930 and 1930-1931. 

The original gravity pipe line to the pumping station reservoir was 
built of vitrified clay pipe and in 1920 it was necessary to replace it 
with a wood stave pipe line. During the period of construction 
water was used from the River Speed and it was chlorinated very 
heavily, about 8 pounds per million gallons being used. The water, 
although not palatable, was quite drinkable. Then this river water 
was discontinued and the spring water turned in through the new 
wood pipe. Immediately the taste in the water became most pro- 
nounced and so disagreeable that it was necessary to discontinue the 
chlorination, although the dosage of chlorine was cut down to about 
3 pounds per million gallons. 

Some years later the Provincial Board of Health gave orders to 
begin continuous chlorinating again and this time the disagreeable 
taste did not appear. 

In the winter 1929-1930, just before Christmas, a new spring was 
turned in through some new wood pipe. Immediately the disagree- 
able taste developed and reached its climax on Christmas day. The 
water from this particular spring was shut off and the taste stopped. 
After this experience had been repeated in the spring of 1931, it was 
decided, with the approval of the Provincial Board of Health, to 
bring in a chemist for a few weeks to make constant tests on the 
water and find a remedy. 

On the advice of the Provincial Board of Health it was decided to 
try the ammonia treatment. Ammonium sulphate was used and 
at first 6 pounds per 24 hours were used. The good results were 
soon apparent and after some experimentation a dosage of 4 pounds 
per 24 hours was used for a long time. At present the dosage of 
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ammonia is 2 pounds per 24 hours and the dosage of chlorine which 
is about 6 pounds per 24 hours is showing a residual chlorine of 
between 0.2 and 0.3 p.p.m. While the ammonia has been used in 
conjunction with the chlorine there has been no further disagreeable 
taste. 

An extract from the report of the chemist, Mr. Franklin, dated 
April 29, 1931, before we began to use any river water, follows: 

“The wood neta sunk in the pipe line are creosoted on the outside and this 
may have been smeared on the inside of the pipes by handling, and in Y con- 
nections the creosoted ends are often immersed in the water. The creosote 
dissolves in the water, is acted on by the chlorine and forms chlorophenol 
compounds, which give the water a medicinal taste. As the concentrations 
of creosote or tar are very low, less than 1 part in 10 million, they are quite 
harmless.”’ 


‘““REMEDY 


“This taste can be eliminated or at least reduced by using ammonia. The 
ammonia is mixed with the water before adding the chlorine. Speedy mixing 
of the chlorine lessens the possibility of a taste. The careful use of creosoted 
wood pipe will reduce the water tar contact area. As all cast iron pipes are 
tar dipped inside and out, laying a new main may cause the same trouble in the 
district soserviced. This, however, whether due to a difference in the material 
or not, does not generally occur. 


‘““THE ORTHOTOLIDIN TEST 


“Fifteen minutes after the rate of pumping is changed, an orthotolidin test 
must be taken to determine the residual chlorine. Besides this a routine 
test should be run every 4 hours. 

“‘The test is run as follows: The tap is left running until the water is drawn 
directly from the main. The Nesslor tube is filled to the 100 cc. mark and 
allowed to stand for 15 minutes. This gives the chlorine time to react with 
any organic matter or organisms. One cubic centimeter of orthotolidin is 
then added, stirred and allowed to stand 5 minutes. The color is then com- 
pared with the standards. The color limits should be 0.1 to 0.3 p.p.m., present 
conditions calling for an 0.2 p.p.m. residual. 

“Care of standards. As these standards fade, they are usually kept in a 
dark place. The Department of Health of Ontario supplies and renews these 


standards periodically. 


“Use of ammonia. Ammonia is said by some authorities to slow the germi- 
cidal action of chlorine. If it is necessary to use river water it would be ad- 
visable to stop using ammonia until the point of application of the chlorine is 


changed to give it contact with the water before being pumped to the distribu- 


tion system. The residual chlorine with river water should be maintained at 
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“When using ammonium sulphate use copper pipes and fittings to handle 
the concentrated solutions as it is corrosive.” 


On July 1, 1931, owing to shortage of water, it was necessary to 
begin pumping water from the River Speed to the gravity pipe line 
to augment the regular supply. This situation lasted for over 
seven months. The water was pumped from the river at a point 
about 44 miles from Guelph. At this point the river was only about 
450 feet from our head springs and the gravity conduit. Before the 
use of river water the ammonia had been added at our well house, 
but the chlorine had been added to the water at the suction well of 
the pumps. 

Before river water could be used, on instructions from the Provin- 
cial Board of Health, a second chlorinating machine was purchased. 
The ammonia was then added to the water at a manhole just before 
the water reached our reservoirs. The dosage from our chlorinating 
machine of a fixed amount was then added to the water at the well 
house, all the water passing through this point before it reached the 
reservoirs. 

The second chlorinating machine was then used to give a vari- 
able dosage of chlorine at the suction well of the pumps. The dos- 
age of chlorine at the suction well of course, varied with the total 
pumpage, and the residual chlorine was kept between 0.2 and 0.3 
p.p.m. 

To sum up, my own opinion is that the tar derivative which causes 
the chemical reaction, which in turn causes the taste, comes from 
the tar coating on the outside of the pipe. The water from the 
springs would be in contact with this coating at the springs from col- 
lecting basins, etc. However, I firmly believe that in flowing through 
new wood pipe certain chemical reactions take place which produce 
this taste previously mentioned. 

An article entitled ‘‘Elimination of Taste in Water Passing Through 
Creosoted Wood Stave Pipe,” by J. F. Harkom, Chief Division of 
Wood Preservation, and C. Greaves, Chemist, Division of Wood 
Preservation, Forest Products Laboratories of Canada, Ottawa, 
appeared in Engineering Journal, October, 1931. 

This article states as a summary: 


“Creosoted wood stave pipe provides a very economical means for supplying 
drinking water to towns and cities. Many such pipe lines have been con- 
structed, and from such reports as have been obtained, the following conclu- 
sions are drawn: 
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1. The pipes should be flushed out for a considerable time before use— 
from one and a half to two months. 

2. If no chlorine is used, no complaints as to bad tastes are received. 

3. If the water is chlorinated, in many cases bad tastes are produced, these 
tastes gradually becoming less pronounced until finally—after in some cases 
nearly a year—there is no noticeably bad taste. 


The cost of the ammonia treatment is very small as we have pur- 
chased ammonium sulphate at $26.50 per hundred pounds. Using 
6 pounds per day the daily cost would be about 16 cents. 

Our equipment for the treatment is very simple, consisting of two 
40-gallon barrels. A twelve-hour supply is mixed in one barrel, 
The solution then runs by gravity to the other barrel, in which a float 
keeps the head at a constant level in the second barrel. This second 
_ barrel is equipped with a glass orifice narrowed down so that the 
supply in the first barrel lasts exactly twelve hours. 

- The use of ammonia to eliminate medicinal taste due to conditions 

a previously described has been an unqualified success, and has saved 

Fit the waterworks officials a tremendous amount of worry. 
ate, ba AP resented before the Canadian Section meeting, M arch 10, 19382.) 


add mov to obieine of! co tat 


aetlon of ehlotine I! it iv nen 

: 

to step ting until 


gai wollot od) .beaiatdo asad dove motl bas 


rp 


ad! 
(F 
p! 
R 
at 
ps 
hr 
tl 
d 
0 
f 
| 
| 


of od aso goilebize as ai owt odT 
THE OXIDATION POTENTIAL CONCEPT OF 
10 CHLORINATION 
to F.C. ScHMELKES edt bap 
(Research Department, Wallace & Tiernan Co. Inc., Newark, Nod.) 


The first attempt to present a connection between the germicidal © 
properties of chlorine and the oxidation potential has been made by 
Rideal and Evans (1). They say in their paper: me 27, 


“Now, in general, oxidizing agents act most powerfully in the presence of = 
acids . 
“The effect of acidity on the oxidizing power of hypochlorite solutions is 
particularly marked, probably because, as has been suggested by one of us (2), 
hypochlorous acid is the effective oxidizer, the oxidizing power of the salts 
and of the anion (OCL)’, being but feeble. 

“It is not generally known’ however, that a comparatively small change in 
the hydrion content of a water will produus a very marked change in the oxi- “te 
dizing activity of the hypochlorite added ....”’ y 

“Since the germicidal properties of the substance are in part due to its 
oxidizing power, it seems likely that these also will be affected by the hydro- 
gen-ion concentration of the water.” 


Regardless of the fact that the then prevailing opinion of ea 
mechanism of chlorination, the ‘‘nascent oxygen” theory, has been 
replaced by the ‘toxicity of chlorine’ idea, Rideal and Evans’ ob- 
servations and speculations are applicable to either of the two. eas 

An oxidation reaction can be broadly described as a process in 
which the oxidizing agent gains and the reducing agent loses elec- _ 
trons. The oxidation potential of an oxidizing agent is a measure of = 
the intensity with which it will enter such reactions. In other words, — 
it is a measure of its readiness to seize electrons. The oxidation — 
potential of a substance is variable. It is dependent upon the pH 7 i 
of the medium and upon the temperature. It can be measuredelec- 
trometrically and expressed in units of voltage, the standard measure — 
of electrical potentials or intensities. The following simple analogy 
will serve to explain these phenomena to those who are not used to 
thinking in physical chemical terms. | . 


W. A. ‘ 
use— 
these 
Cases 
pur- 
sing 
two 
rel, 
loat 
ond 
the 
ons 
ved 
2.) 
ba 
af 
4 
H 
q 
& 
> 


696 F.C. SCHMELKES 
The two reactants in an oxidation reaction can be likened to the 

two poles of a galvanic battery. Bringing them into proximity where A 

they can react with each other corresponds to closing the circuit, t 

The reaction itself corresponds to the discharge of the battery with aa 


the current flowing from one pole to the other. Some reactions are 
instantaneous. They can be compared to a battery which is being ‘a 
short circuited. Others run off more slowly, depending upon the 
potential difference between the two poles of the battery (voltage) 

and the medium in which they are carried out (the resistance of the 
circuit), or rather upon the relation of these two values. This anal- 

ogy is not quite speculative. Both phenomena, the discharge of an 
electric battery and the running off of an oxidation reaction (the 
discharge of the reducing agent) are basically manifestations of the 
same force. Electrons are flowing in both cases and the potential 
difference between the oxidant and the reductant in the one case, 

and the positive and the negative pole in the other case, disappears. 
Measuring the oxidation potential of the oxidant corresponds to 
measuring the voltage of the battery. It is, as in the case of the 
battery, a measure of the intensity, of the oxidant; in other words, 

an expression of the resistance which the oxidant, or the battery, as 
the case may be, can be expected to overcome. It is not a measure 
of the amount of reducing agent which the oxidant is capable of 
oxidizing, just as the voltage in the battery is not a measure of the 

number of kilowatt hours one can get out of it. 

The oxidation potential of the chlorine electrode has been measured 
before by Remington and Trimble (3). Under different circumstances 
ei i it has also been measured by Rius y Miro (4). These investigators 

have confined their measurements to ranges of concentration which 

are far above the ones used in the sterilization of drinking water. 

Some of the measurements which have been made in this laboratory 

are presented in this paper as an aid to explaining the germicidal 

| properties of minute quantities of chlorine in the sterilization of 
potable waters. 

_ It is the purpose of this paper to dwell upon this phase only, and 
the physical chemical data which are used in this paper, the method 
in which they were arrived at and their correlation to data collected 
by others will be presented in another paper. 

_ This concept permits of a more lucid understanding of the germi- 
fe cidal properties of chlorine. 
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Among the various factors which ve 
tential of the chlorine electrode is, for instan 
dium. This variation is plotted in figure 1. The values show how 
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698 SCHMELKES 
the potential drops as the pH increases. Translated into our every. 
day language this means that chlorine reacts very much less Vigor- 


ously on the alkaline side of the pH scale than on the acid side. I 
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Figure 2 
Influence of pH upon Rate of 
Bacterial Removal at 0.2 p.p.m. 
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have purposely used the broad term “reacts” because if the organic 
chemist states that the formation of chlorophenol from phenol and 
hypochlorite at an alkaline pH proceeds more slowly than from hypo- 
chlorous acid at an acid pH, and if the bacteriologist reports that 


yoL. 
an, 
and 
pers 
“Ch 
ente! 
react 
} 
i 
ret 
flu 
Tes 
‘ wh 
col 
otl 


yoL. 25, NO. 5] OXIDATION POTENTIAL OF CHLORINE 699 


sterilization is slowed down at an alkaline pH as against an acid pH, 
and if the waterworks operator observes that residual chlorine will 
persist in water more easily on the alkaline side than on the acid side 
of 7, we are all talking about the same thing. We are all saying— 
“Chlorine, one of the two reactants in this varied set of reactions, 
enters these reactions more reluctantly and with less power, and the 
reactions proceed more slowly under these conditions” (5). 
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= A.W.N.A., Vol. 23, No. 29, Page 1338) 
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= ° Wallace & Tiernan Research Dept. 


S 

uw 


0.70 
ree 
0.65 


Ratio of Ammonia fo Chlorine( Parts on the Scale to! part of Chlorine) 


Bont: Fia, 3 ridiaog 
faa bivtb 
EFFECT OF AMMONIA AND AMINO COMPOUNDS 
Where chlorine forms compounds in which it is not reduced and 
retains its oxidizing capacity, we are confronted with another in- 
fluence bearing upon the potential of the chlorine electrode. The 
reactions which I am referring to are those in which ammonia and 
amino compounds are the other reactant. In these reactions, in 
which what we broadly term “chloramines”’ are formed, the resulting 
compound still retains the full oxidizing capacity of chlorine. In 
other words, if we titrate the available chlorine content of such com- 
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from potassium iodide under the proper conditions. A great change, 
however, has taken place in the readiness and the intensity with which 
these compounds will oxidize or chlorinate or sterilize. This cha: 

is due to the reduction of the potential of the available chlorine. Ay 
we progress from ammonia to more complicated amino compound; 
a successive reduction in the potential takes place (6). This explaing 
why chlorine when combined with amino compounds does not reagt 
as readily with phenol. And because the potential difference between 
the two reactants has been diminished to a large degree it also doe 
not react with miscellaneous organic matter in the water. Steriliza. 
tion, which is our third criterion, is also very materially slowed down 
and for the same reason. 

We believe that the basis for sterilization is a chemical reaction, 
The cellular structure of microérganisms consists of a cell wall and 
an internal cell fluid. Both these materials contain protein, which 
in turn is composed of amino acids, which in turn contain amino 
groups. These amino groups will react with chlorine. Chior. 
amines are formed by the reaction between these groups and chlorine, 
whereby the properties of the protein, particularly the colloidal 
properties, must be profoundly altered. The proteins probably co- 
agulate and cannot discharge their normal biological functions in the 
life of the cell. If a sufficiently large part of the cell is affected in 
this manner the cell dies. If it is only affected to a small extent it 
very probably is capable of sloughing off the affected part and to 
recover. We all know about the phenomenon of aftergrowth, which 
can be nicely correlated with this idea. 

We usually think of an electric current running between the two 
poles of a battery. We intimately associate with this phenomenon 
a positive pole and a negative pole, a potential difference which can 
be divided into a positive potential and a negative potential, and the 
current flowing between the two. We know, however, that current 
will also flow between two Leyden jars which are both charged with 
positive electricity, each of a different potential. If we establish a 
conducting connection between the two jars electricity will flow from 
the higher potential to the lower potential until no potential differ- 
ence exists between the two jars. In the group of reactions between 
chlorine and ammonia and amino compounds we have to deal with 
phenomena of this sort. We have to picture chlorine as a Leyden 
jar charged with electricity of a high potential, the simple chlora- 
mines of ammonia as a | Leyden j jar charged to a lower potent ial of the 
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same sign, and the more complicated the amino compounds become 
the lower will be the potential of the resulting chloramines. As 
stated above, this does not interfere with current flowing or with the 
reaction running off, except under the following circumstances. In 
the presence of comparatively large amounts of dissolved proteins 
chlor-amino compounds will be formed with a potential so low that 
there will be no potential gradient between them and the chloramines 
io be formed from the proteins of the bacterial cell and consequently 
no sterilization takes place. 

When we measure available chlorine we are doing it with ortho 
tolidin reagent. Ortho tolidin reagent eliminates all variations of 
the chlorine potential due to pH by providing a large amount of 
hydrochloric acid in the reagent which definitely fixes the hydrogen 
ion concentration at a very low value. At the same time most of the 
chlorine compounds which contain chlorine in the active form, like 
the chloramines, are caused to release the chlorine by this strong acid 
and what we measure is actual chlorine. We do not get information 
as to the potential of the chlorine under the circumstances prevailing 
in the water which we are testing. Ordinarily this is not of much 
importance, but occasionally conditions arise which can only be 
explained by this particular concept. 1 wal 
vd reqeq 

In modern waterworks practice, with the use of ammonia we are 
deliberately taking advantage of this reduction in potential. We 
are purposely reducing this potential in order to prevent combina- 
tion of chlorine with phenol, to prevent oxidation of organic matter 
in the water by chlorine and thus increasing persistency of the resid- 
ual, and we are doing so at the expense of bactericidal velocity. 

Experiments which we have carried out and which check the ex- 
periments of Holwerda, Mallmann and others confirm definitely this 
lag in sterilization. Most water plants are situated so that they 
can stand this lag. Their layout permits application of chlorine and 
ammonia far enough ahead to allow ample time for sterilization. In 
plants where the adoption of this treatment would be impossible 
due to proximity of the first consumer to the point of application, 
the contemplation of what would happen if for some reason or other 
the natural ammonia content of the water would suddenly rise to a 
value where it would be sufficient to combine with the entire chlorine 
dose is an uncomfortable thought. To watch the free ammonia 
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content in such water supplies, in the light of our present day knowl. 
edge, would certainly be no wasted precaution. 

{xperiments by which this slowing down of the reaction can be 
actually observed have been carried out in our laboratory. If typhoid 
bacteria are observed in a hanging drop and chlorine introduced into 
this drop while under observation through the microscope, immediate 
cessation of movement of the bacteria can be observed with chlorine 
doses of high potential. The more complicated the chloramines are 
and the higher the pH the longer will the bacteria live in the drop 
and the longer it will take before cessation of movement occurs. By 
means of a micro-manipulator chlorine solutions can easily be added 
to a hanging drop which is placed on a cover glass in the usual man- 

ner, except that the cover glass is supported by a slotted ring instead 
of by a slide. The chlorine solution is carried into the drop either 
by means of a loop or a capillary tube which is inserted into the drop 
through the slot in the supporting ring. The Fitz micro-manipulator 
which we have used permits of careful manipulation of the micro- 
scopic object without any jars. A motion picture showing the slow 
death, cessation of movement, agglutination and disintegration of 
the bacteria brought about by treatment with a new complicated 
chloramine of low potential has been made. 

One more point which deserves consideration is emphasized in a 
paper by Gerstein (7). Gerstein has called attention to the additional 
lag introduced by excessive ammonia doses. We find in our electrical 
measurements that this variant also lowers the oxidation potential 


te 


The potential gradient concept of chlorine and its compounds has 
been developed. It serves well to explain hitherto unexplained 
phenomena; namely, the lag in sterilization found in the application 
of ammonia and amino compounds together with chlorine; the lag 
in sterilization encountered at high pHs; the variation of the taste 
generating properties of chlorine if the above conditions are varied; 
the variation in the persistency of the residual, and others. 

Potential measurements of the chlorine electrode at very low 
concentrations under varying conditions have been presented for 
the first time and found to agree with the observed effects of chlorin- 
ation in waterworks practice. 
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The need for close observation of the pH and the free ammonia — 
and albuminous ammonia in a water supply is emphasized. -. a 
The author is indebted to Dr. Leonor Michaelis of The Rockefeller ae - 
Institute for pointing out that the potentials measured are not true 
oxidation potentials as the systems investigated are not thermo- ‘= Bs 
dynamically reversible. Nevertheless, the potentials measured, as ¥, 
they are reproducible, are useful as a measure of oxidizing intensity — ze 
and serve well the purpose outlined. Theincorrect terminology has _ 
been retained in order to facilitate correlation of the data measured 
with prior investigations and to avoid a complicated discussion which __ 
will be taken up elsewhere. 

The author is also indebted to Mr. H. C. Marks and Miss I. B. Ps = 
Romans of the Wallace and Tiernan research organization for the ee - 
results of electrical and bacteriological experiments respectively, to ae 
his chief, Dr. J. C. Baker, for valuable suggestions, and to the Bausch * a 
and Lomb Company in Rochester and Dr. G. W. Fitz of Peconic, _ 
Long Island, for their kindness in loaning him the equipment required 
to make the motion picture. 
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THE WATER SUPPLY SYSTEM AT APPLETON, WISCONSIN 

By Wm U. GALLAHER 
(Chemist and Plant Superintendent, Appleton, Wis.) 


The (Wisconsin) Fox River rises near the city of Portage and flows 
in a north-easterly direction a distance of about 60 miles when it 
discharges into Lake Winnebago at the city of Oshkosh. Just before 
it reaches the lake the Fox River is joined from the North by the 
Wolf River which delivers water from a larger drainage area than the 
upper Fox River. 

Lake Winnebago has a surface area as great as any natural fresh 
water lake within the limits of the United States with the exception of 
Lake Michigan. It is about 30 miles long and 10 miles wide at the 
centre and has 215 square miles of surface. It is quite shallow with 
an average depth of about 15 feet and a maximum depth of 22 feet. 
It was formed when the retreating glaciers left a natural dam across 
the valley, this dam being on a line east from the the city of Menasha. 

The lower Fox River on which the city of Appleton is located 
carries the overflow from Lake Winnebago to Green Bay. The 
drainage area contributing to its flow amounts to about 6,150 square 
miles. The emount of water discharged from Lake Winnebago is 
controlled to a certain extent at the Menasha dam by government 
engineers. The annual mean daily stream flow for the past six 
years in cubic feet per second was as follows: ve tary ee 


Year Cubic feet per second 


1931 1862 
The maximum daily stream flow during the above period was 20,555 
sec. ft. and the minimum, 649 sec. ft. Present indications are that 
the average stream flow in 1932 will be less than it was in 1931. 
A remarkable characteristic of the lower Fox River is its 166 feet 
of fallina relatively short stream length of 38 miles. Fourteen dams 
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have been constructed so that about 134 feet of the total fall is now © 
utilized for power purposes. The presence of so much power has , 
resulted in the lower Fox River valley being highly industrialized. 4 
The principal industry is paper making an industry which discharges P 
large quantities of strong industrial wastes into the stream. . 
The only cities using the Fox River system as the source of their _ 
public water supplies are Oshkosh, Menasha, and Appleton, all of © 
which have purification plants. Oshkosh and Menasha take water | 
directly from Lake Winnebago while Appleton takes water justabove 
the first dam at that city or about six miles below the lake and after | 
the river has received trade wastes and sewage from the cities of © 
Neenah and Menasha. Between Menasha and Appleton the water | 
receives some purification by sedimentation in Little Lake Butte des — 
Morts. This lake is actually a broad section of the river about 1 
mile across at the widest point and 4 miles long and is very shallow. — 
According to surveys conducted by the Wisconsin State Board of © 
Health, river conditions above Appleton are not especially bad at & 
any time, but the river below Appleton is unfit for use as a public 


water supply. 


CHARACTERISTICS OF THE FOX RIVER WATER AT APPLETON a 
Color. The headwaters of the Wolf River are in the sloughs and b 
lakes of northern Wisconsin. The water received from this district 4 

by the Fox River is highly colored and although dilution by a low 
colored water is furnished by the upper Fox River the mixture has © 
an average color of 40 parts per million with a maximum of 80 anda _ 
minimum of 25. Considerable trouble is experienced in removing 
this color at a nominal cost because the water has a relatively high 
pH especially during the summer months. @ 
Turbidity. Some of the tributaries of the Fox River discharge | 
water with high turbidity into the system, but the long settling time © 
afforded by Lake Winnebago and Little Lake Butte des Morts reduces © 


the turbidity at Appleton to a relatively low figure. The average © 


turbidity at this point is 28 parts per million with a maximum of © 
100 when the lake is disturbed by high winds and a minimum of 8 | 
under winter conditions. 
Temperature. Due to the shallowness of the large and small lakes _ 
above Appleton the temperature of the water is subject to rapid — 
change with climatic conditions. The temperature of the water — 
is of course near the freezing point during the winter, but beginning _ 
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in the spring it gradually rises until it reaches a maximum sometime in 
July or August. The maximum water temperature recorded is 83°F. 
although it is believed that it has reached an unrecorded temperature 
of 85 or 86°F. On hot summer days the water is at least two degrees 
warmer in the late afternoon than it is in the early morning. 

Alkalinity and hardness. The alkalinity and hardness varies 
slightly from season to season or from year to year, but on account 
of the vast storage afforded in the lakes above there are few abrupt 
changes. During times of low precipitation and under dry weather 
conditions more water is evaporated from Lake Winnebago than 
flows in from the Upper Fox River. Under these conditions the 
alkalinity and hardness is slightly increased over times of ample 
precipitation and when the lake is covered with ice. 

The plankton in Lake Winnebago cause the formation of carbon- 
ates, a maximum of 36 p.p.m., occurring in the past summer. The 
average alkalinity during the past two years was 139 p.p.m. with a 
maximum of 157 and a minimum of 118. 

The hardness of the water at Appleton was 164 p.p.m. as CaCO, 
according to a complete analysis made by the Geological Survey ona 
sample collected June 17, 1932. The sample contained 36 p.p.m. 
calcium and 18 p.p.m. magnesium. An analysis made in October 
shows the hardness was 156 p.p.m. or about the same as it was in 
early summer. This is about 93 grains per gallon. 

The pH of the raw water varies between 7.8 in the winter and 8.5 
to 9.0 in the summer when there is formation of carbonates by algae. 
Unfortunately the high pH comes at the time when demands are 
great and considerable trouble is experienced in removing the color. 

Plankton. The shallow Lake Winnebago with its large area and 
relatively clear water furnishes an ideal environment for the growth 
of protozoa and algae. As a result large numbers of all plankton 
forms are to be found in the lake and river water at Appleton espe- 
cially during warm water conditions. The essential oils secreted by 
these organisms impart disagreeable tastes and odors to the water. 
The predominating form during the past summer was stephanodiscus 
and the most troublesome forms from the standpoint of tastes and 
odors were anabaena and aphanizomenon. 

Bacteria flora. The total bacteria count of the raw water is fairly 
constant and low from November to May. The 37°C. count in this 
period averaged 270 during the past four years. Starting in June 
the bacteria count mounts rapidly and reaches a maximum some time 
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in July or August. The highest monthly mean 37° count in the 
past four years was 32,700 with a maximum daily count of 50,000. 
After the maximum is reached the count falls off until winter con- 
ditions are established in November. The 20° count follows in out- 
line the 37° count, although of course it is greater. 

The data at hand seem to indicate that the bacteria count is not 
influenced to any extent by the stream flow. In general, the bac- 
teria count is higher in the stream when the flow is the least in mid- 
summer than it is in the spring and fall when the stream is usually 
the highest: The high bacteria counts during the summer are 
probably the result of high temperatures and the large quantity of 
organic matter present. 

The B. coli index should indicate the degree of pollution of the 
river water from sewage. Since April the B. coli index per 100 ce. 
has been determined and the average monthly indices were as 


Further data will probably show more definitely the influence of the 


different factors on the B. coli index of the Fox River water. Wet 
bie 


THE APPLETON PUMPING EQUIPMENT 


The low lift pumping equipment located in the basement of the 
head house includes the following units: One 6 m.g.d. Allis Chalmers 
centrifugal pump directly connected to a 25 h.p. Allis Chalmers D.C. 
motor; one 4 m.g.d. De Laval centrifugal pump directly connected 
toal5h.p. General Electric D.C. motor; and one 4 m.g.d. Hayton 
centrifugal pump directly connected to a 10 h.p. General Electric 
A.C. motor. Each D.C. motor is operated through a variable 
resistance by power generated at the water plant. The A.C. motor 
serving with its pump as a standby is operated by power from the 
local power company. 

The high lift pumping equipment which is housed in the south 
building consists of the following units: Four 2 m.g.d. triplex pumps 
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_ directly connected in pairs with two 225 h.p. Model ‘‘A,”’ Busch. 


Sulzer Diesel engines; one 2} m.g.d. Hayton centrifugal pump directly 
connected to a 100 h.p. alternating current Ideal motor; and one 4 
m.g.d. Allis Chalmers centrifugal pump directly connected to a 300 
h.p. 8 cylinder gasoline engine. The triplex pumps and Diesels are 
used in normal operation while a two way standby is furnished in the 


oe _ electric and gasoline units. In addition to the triplex pumps, a 25 


_KVA Imperial D.C. generator is connected with belt drive to each 
Diesel engine and furnishes power for the low lift pumping units and 


other placesin the plant. One D.C. generator can be belt driven bya 
25 h.p. A.C. motor whenever an emergency arises and D.C. current 


: is required for the low lift pumps. 


_ The pressure carried at the plant lies between 75 and 86 pounds 
_ depending on the time of day, the pressure being lowest in the early 


14 morning just before pumping is started. The pressures at the high 


points in the system vary between 48 and 60 pounds. 


THE PURIFICATION PROCESS on. 


There are two water intakes, a 16-inch taking water from the 
_ river about 500 yards above the water plant and a 24-inch taking 
7 water from the head race of a paper mill dam about 200 yards above 
_ the water plant. In the summer the water is forced by the low lift 
_ pumps through an aerator located just east of the main filter building. 
_ The aerator is of the spray type with seventy-two 3-inch Spraco 
- nozzles arranged in four independent sections. The valves on the 


raw water line to each of the four sections are hydraulically operated 


and are controlled from an operating table within the main building. 
Eight lights made by the Crouse Hinds Company with 500 watt 
bulbs, reflectors and colored lenses have been placed at the bottom 
of the aerator and beside the spray nozzles. The many colored 
beams thrown up through the spray produce an extremely attractive 
display. 


The filter alum when received is raised by an electric hoist to the 


second floor of the filter house. From storage the alum is emptied 
directly as needed into the hopper of one of two Gauntt type dry 
_ feeders. Formerly the alum dropped from the feeders into the 
— collecting well below, but now the alum solution is injected into the 


main leading to the aerator in order to obtain a more thorough mix. 


Sedimentation takes place in three concrete basins arranged in 


~ parallel, two old ones each with 200,000 gallons capacity located on 
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either side of the filter building, and a third one constructed in 1927 
with 1,000,000 gallons capacity located just east of the filter building. 
The theoretical detention period of the water in the three basins is 
from 9 to 24 hours. 

Eight 1 m.g.d. rapid sand filters of the standard type are located 
between the head house and the pumping station. They contain 
the customary 30 inches of sand, 18 inches of gravel, and have a 
perforated pipe grid system at the bottom. They are fully equipped 
with loss of head gauges, rate controllers and samplers, and all valves 
are hydraulically operated from marble control tables on the gallery 
floor. There is a master rate controller which automatically shuts 
off the operation of the filters when the clear well is full. 

Three Wallace and Tiernan vacuum type chlorinators are located 
on the main floor of the filter head house. One of these is in constant 
use for chlorinating the raw water, one for the filtered water and the 
third serves as a standby. During the summer activated carbon is 
added in the collecting well between the settling basins and the 


filters. or the Sam 


The two connected clear wells located below the filters have a 
combined capacity of about 140,000 gallons. A 2} million gallon 
covered concrete reservoir for filtered water is located in the resi- 
dential district about 50 feet above plant level. This reservoir is 
filled by bleeding off the main line and the water used for washing 
filters. ‘There is also a connection between this reservoir and the 
high duty pumps so that in case the filter plant is forced to shut down 
a day’s supply of filtered water may be obtained. In addition a 
500,000 gallon steel tank and stand pipe is floated on the distribution 
system. This tank takes care of fluctuating demands during the day 
and supplies the city during the night when the plant is shut down for 
a period of eight hours. WG 


perating: 


The average pumpage at Appleton Water Plant is 2m.g.d. The 
maximum pumpage recorded was 4,200,000 on July 28, 1931. The 
water used for filter washing varies between 2.5 to 3.6 percent with 
filter runs averaging 35 hours on a 700,000 gallon per day rate with 
1 m.g.d. capacity filters. Wash water percentage and filter runs are 
higher than they would be if the plant were not shut down during the 
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night. The dose of aluminum sulphate varies between 2.5 and 3.5 
grains per gallon, the fairly high dosages being required to reduce the 
color of the water. 

The chlorine added varies between 0.9 and 2.0 p.p.m. approxi- 
mately 75 percent of which is added to the raw water. Activated 
carbon was used this summer from April 4 to November 1, the 
average dose being 2, the maximum 5.4 and the minimum 0.5 p.p.m. 
A palatable water was produced at all times during the summer and 
no direct complaints were received because of tastes and odors. 

The B. coli index per 100 cc. was zero with the exception of one 
month when it was 0.04. The agar plate counts show the tap water 
to be practically sterile at all times. The turbidity of the finished 
water averages about 0.3 p.p.m. there being a slight but not objection- 
able turbidity when activated carbon is used. The color of the 
finished water has been 12 p.p.m., or below and the pH is almost 
constantly at the value 7.2. 

(Presented before the Wi isconsin Section meeting, October i, 1932.) 
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OPERATION EXPERIENCE AT THE CEDAR RAPIDS | 


WATER PURIFICATION PLANT 
By H. F. BLtomauist 
Superintendent of Water Works, Cedar Rapids, Ia. 

Of the various activities involved in public water service one of the 
hardest problems to solve is to produce water free from allobjectional  __ 
tastes 100 percent of the time when the source of supply isariveror = 
stream which carries the usual land drainage and waste from an — 
increasing popaiaian along its course. 


home, industry, or business, there is also a demand for abetterquality — 
of water. For the same reason that we are not satisfied with - 
models of automobiles or radios, we are not now satisfied with the _ > 
quality of water that was tolerated some years ago. Many com- — 
munities, however, with well water supplies are immune to purifica- am bs 
tion troubles and enjoy good quality of water except for the greater Bis, 
hardness generally associated with wells. sie 
Although great advances have been made in water purification in _ 
recent years, the removal of all objectionable tastes and odors from = 
surface water at all times, at a cost that may be considered reasonable, — : 
is still an unsolved problem. Since there are so many different com- . 
pounds which produce taste, many of which are of local origin, there — : - 
is no uniform treatment that can be satisfactorily applied to all —__ 
waters to remove all of them unless it be an excessive use of activated 
carbon at a great cost. ied 
Cedar Rapids has used Cedar River water since 1896, when eight —__ 
units of the first filter plant were built, and the operating records, 
although not very complete at the beginning, show that there has 


been a steady increase in the pollution of this stream. In the last Bet ts 

fifteen years the bacterial counts, which is an index to pollution, have hans 

increased more than 500 percent and with it has come a multitude of ee 

minute plant life which have added to the problem of purification, 

Many organic compounds, both in the form of solutions and gases, 

resulting from the decay of these plants, and from wastes now dumped 
711 
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into rivers, impart very offensive tastes and odors to the water, some 
of which are very difficult to remove. Therefore, with higher 
standards of quality demanded to be produced from a source carrying 
more and more objectionable impurities, the modern water purifica- 
tion process must be changed and extended to meet these very 
exacting demands. The problem is no longer that of removing 
suspended impurities, such as clay or other foreign matter, because 
these are easily removed by sedimentation and other simple means. 
Because of these problems involved in the treatment of this kind of 
surface water, Cedar Rapids made quite a thorough investigation 
some years ago of the possibility of securing a dependable ground 
water supply when the old water plant became inadequate. The 
large quantity needed and the apparent diminution of the available 
ground waters were factors against the adoption of such supply, and it 
was decided to continue the Cedar River as a source, and build a 
modern water purification plant in a new location. This plant was 
designed to include all modern water purification features, including 
softening, and was put in operation on October 10, 1930. The 
operation during normal conditions is as follows: Water is pumped 
from the river into a small pre-mixing basin in the building, where 
lime, slaked in continuous running slakers, is added at the rate of 
from 5 to 10 grains per gallon, according to the hardness of the water, 


and mixed by air agitation. The water then flows outside into a 
larger mixing tank of an hour’s retention, where a mechanical stirring 
device keeps up agitation to complete the softening reactions. The 
amount of lime is regulated to obtain 30 p.p.m. caustic alkalinity 
at the outlet of the larger mixer, and the required amount last year 
averaged 7.41 grains per gallon. The softening reaction consists of 
changing the soluble calcium and magnesium bicarbonates in the 
water to insoluble carbonates, which precipitate into small light 
colored flakes. From this mixer it passes to a large sedimentation 
basin of a million gallons capacity, or about four hour’s retention, 
where most of the precipitate settles to the bottom, and is con- 
tinuously removed by a mechanical scraping device and pump. 
The water then returns into the building where sulphate of alumina 
solution, from one-fourth to three or four grains per gallon of alumina, 
as conditions may require, is added as an aid to clarification. The 
average last year was 1.18 grains per gallon. The sulphate of 
alumina precipitates into a gelatinous substance which forms into 
small particles called “‘floc,”’ and are used merely as an aid to gather 
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the finely divided impurities into larger masses. The water then © F 
fows outside into a second large mixing basin where a stirring device == 
agitates the water another hour to get maximum contact between the 
floc and fine impurities. Then it passes into a second large sedi- © 
mentation basin where most of the fine impurities gathered into — 
larger particles, settle to the bottom, and are removed. The water is 
then recarbonized in a special basin having a grillwork of pipes at _ 
the bottom for distributing carbon dioxide gas. The amount of 
carbon dioxide is regulated to remove all caustic alkalinity and until : 
phenol alkalinity is reduced to about 10 p.p.m. Carbon dioxide is sae 
generated by burning oil and passing the product of combustion a s 
through a scrubber and cooler. The purpose of recarbonation is to Gao. 
change any unused lime to a soluble calcium bicarbonate to preventa = 
flat or lime taste, and to stop further reaction between the unused 
lime and other compounds in the water. Since the softening reaction | 
takes place in the ordinary water, which is a very dilute solution 
from the standpoint of the amount of compounds involved, the © 
reactions are slow, and all the lime added is not completely used up _ 
during the time the water passes through this part of the plant, — 
which is approximately nine hours. The water is then filtered — 
through standard sand filters, chlorinated and pumped into the pipe 
system. Be 

It is the purpose of this paper to present some of the operating 
experiences with a view of comparing the actual results obtained with 


theoretical or anticipated results. 


OPERATING RESULTS 


The Cedar River water is not excessively hard. The yearly 
averages of total hardness have varied from 165 to 198 p.p.m. or from — 
9.6 to 11.6 grains per gallon, with daily variations from 40 to 300 
p.p.m. Of the total hardness the average permanent or non-car- _— 
bonate hardness is less than two grains per gallon, therefore, softening | i 
to a low degree of hardness may be effected with the use of lime alone. 
Since water softening works very advantageously with purification 
at a comparative small additional cost, it was included in the water 
treatment at Cedar Rapids, and this particular part of the treatment __ 
has been singularly successful. The yearly average raw water 
hardness during 1931 was 169 p.p.m. or 9.9 grains per gallon, which Y 
was reduced to an average of 72 p.p.m. or 4.2 grains per gallon, and © 
may be considered quite soft for a public supply. 
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_ The softening process required an average of 1053 pounds of lime 
per million gallons at a cost of $5.04 f.o.b. cars at the plant. This jg 
an average of 7.41 grains of quick lime per gallon of water. In addi. 
tion to the softening process another advantage is obtained from the 
use of lime, namely, the saving of alum or other coagulant for clari- 
fication because the sedimentation of the lime precipitate also carries 
with it a large part of the suspended impurities. An average of 1,18 
grains of alum per gallon was used for clarification. Since we have 
not operated the new plant without softening, we are not able to 


obixoi long 
Average monthly hardness of river and softened water Cedar Ra pids, Iowa, 1931-82 
HARDNESS IN P.P.M. 
MONTH OB. River water Softened water 
10 Bicar- | Perma- Bicar- | Perma-|_, line | 
bonate nent Total bonate | nent | Total 
April, 1931........... [27 179 | 34 | 32 | 68 | 8.05) 1.1 
OS ee ee 135 | 26 161 35 29 64 7.4 | 0.42 
| Ne ae 128.5 | 20 148.5 | 37 21 58 7.18 | 0.54 
 .. ASS SSSA ce 121.6 | 20 141.6 | 30.5 | 25 55.5 | 8.0 | 1.48 
PURUSG. 114 20.5 | 134.5 | 33 25 58 6.65 | 0.98 
September........... 111.4 | 21.1 | 132.5 | 32.3 | 26.4 | 58.7 | 6.94 | 1.56 
October..............| 184.1 | 28.5 | 162.6 | 32.3 | 33.9 | 66.2 | 7.45 | 0.85 
November........... 122.4 | 30.5 | 152.9 | 40.4 | 37.3 | 77.7 | 7.64 | 1.67 
December............| 165 | 36.3 | 201.3 | 43.2 | 47.9 | 91.1 | 7.35 | 1.71 
January, 1932........ 163.4 | 41.7 | 205.1 | 33.6 | 50.1 | 83.7 | 7.37 | 0.99 
February............. 180 41.8 | 221.8 | 40.5 | 48.3 | 88.8 | 7.47 | 1.04 
SS ideas «vt. dis! 139.7 | 43.8 | 183.5 | 36.2 | 53.8 | 90 7.73 | 1.88 
Yearly roam 138.9 | 29.8 | 168.7 | 35.7 | 35.8 | 71.6 | 7.41 | 1.18 


determine accurately the amount of alum that would be required if 
softening were not done, but a conservative estimate would be at 
least twice the amount now needed, therefore, there is a saving in 
alum of more than $2.00 per million gallons. Lime also destroys 
algae and other plant growths which are troublesome during the 
summer season. 

Electric power is used throughout the new plant and is purchased 
on contract at a price based on three elements, namely, a fixed 
monthly connection charge, a monthly peak demand charge, and 
kilowatt hour charge, the latter being adjusted every six months on 
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the basis of coal costs. A substantial reduction on the monthly peak 
demand charge is made if the plant is shut down during the power 
company’s load peak of three and one-half hours each working day 
for three and one-half months each year. There are no restrictions 
during the other eight and one-half months. With this advantage 
the total power cost per kilowatt hour during the year was 1.037 
cents. 

The estimated cost of materials for water treatment, including 
softening, also electric power for pumping, made by the engineers 
before the building of the plant, and the actual cost for the year 1931 
are shown in table 2. 


edt ba Hose vd qu beriite 

ESTIMATED FOR 1931 ACTUAL 1931-1932 

Water consumption, gallons........... 1,704,500 ,000 1,747 ,970,000 
Ghamicals, dollars......,. 20,375.00 984.88 
Oil for recarbonating and heating, 

Electric power for operation and pump-| ai a 

Average hardness, p.p.m.: at 

Lime required, grains per gallon ...... 8.7 7.4 


This comparison indicates that the results obtained in the softening 
process were very near those anticipated, the average hardness being 
72 against 70 p.p.m. anticipated. The actual quantities of lime, oil 
for carbon dioxide, and other chemicals required for the treatment 
were less than estimated, and their actual total cost for the year was 
$13,984.88 against an estimated cost of $20,375.00. This difference 
is partly due to decreased cost in the price of materials. The actual 
water consumption was slightly greater than the estimated amount. 
The cost of all electric power for operation and pumping was three 
and one-half percent less than the estimate. 

The following quotation relating to the quality of water to be 
expected from Cedar River is taken from the engineer’s report: 
“The filtered and softened river water from an adequate treatment 


addi. 
M the 
clari- 
arries 
f 1.18 eae 
have 
to 
P.G, 
lum 
14 
.42 | 
48 
98 
56 
85 
Al 
i | 


H.-F, BLOMQUIST [J. A.W. 
and free from objectionable taste. It would be a very satisfactory 
water for household and general industrial use.” The quality of 
water actually obtained conforms to the above in all respects except 
as to objectionable taste. During normal conditions no difficulty 
has been experienced in producing a very good quality of water free 
from taste and odor that would meet the most exacting requirements, 
There have been, however, short periods of disturbances in the river 
when a water free of some objectionable taste was not obtained, 
Fortunately, such periods were short, generally of a few days dura- 
tion, and about six of such short periods have occurred in the two 
years of operation, and these would aggregate only about five percent 
of the time. Four of these were traced to deposits of old gas-house 
waste stirred up by sand pumps pumping sand from the river bottom 
above the intake, and two from excessive organic compounds washed 
into the rivers by floods. In May of this year, following heavy rains, 
the two short periods occurred of very intensive tastes from organic 
compounds. The first one produced a mouldy taste and the second a 
grassy taste. Neither of these were fully removed by treatment, 
although the taste was reduced by an excessive amount of activated 
carbon, with applications in quantities up to 60 or 70 pounds per 
million gallons, which seems to have been the maximum ever used by 
anyone, according to reports that have come into the hands of the 
writer. Yet these doses produced very little taste removal. A 
partial removal was obtained with 125 pounds of carbon per million 
gallons, and laboratory experiments indicated that 200 pounds per 
million gallons would remove practically all of the taste, but we were 
not then equipped to handle such large amounts. The taste soon 
disappeared and no trouble from tastes has since been experienced. 
The plant has since been equipped with additional carbon feeders 
and if another intensive taste period occurs, we may be able to get 
complete removal by excessive amounts of activated carbon. Since 
periods of objectional tastes are generally very short, the added cost 
of the very large amounts of carbon needed will be justified, especially 
because the taste in water remains in the distribution system long 
after complete removal has been effected at the plant, consequently, 
every effort should be used to prevent it. 

Excessive use of carbon causes disturbances in sand filters, and if 
continued over long periods, it may become necessary to devise a way 
for removing it from the filters; short periods of excessive use, how- 


ever, have not caused much trouble with the filters. 
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The results obtained from the new plant may be said to meet all 
the expectations to the fullest extent, with the exception of 100 per- 
cent taste removal at all times, which has been fully explained. 
Even this may fully yield to excessive carbon treatment on its next 
occurrence. All the equipment is functioning well, and the routine 
operation presents no difficulties. 

(Presented before the Missouri Valley Section meeting, October 26 
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THE USE OF ANTHRACITE COAL AS A FILTER MEDIUM 


By A. FARRELL 
(Laboratory of Bacteriology, Lehigh University, Bethlehem, Pa.) 


Charcoal beds have been used abroad for a number of years in 
water purification with varying success. 

The joint committee of the American Public Health Association! 
states that bone charcoal and wood charcoal lost their absorptive 
properties soon after installation in recirculation swimming pool 
filters and were worthless until removed. 

Anthracite coal has been used as filtering material for water puri- 


fication in a few water plants for over fifteen years, the noted engi- 


_ neer, Fuertes, having recommended it for plants located at Denver, 


Colorado; Steelton, Pennsylvania; Dallas, Texas; and Cumberland, 
Maryland. As far as is known, the results have been satisfactory. 

Anthracite coal has been used as a roughing filter medium? at 
Lawrence, Kansas, where a bed of coal 18 inches deep was imposed 
on top of 14 inches of gravel. The size of the coal in this instance was 
large, the only requirement being that it pass through a six-mesh 
screen. Its object was the removal of iron and carbonates from the 
water. 

Ripple,’ in filter sand studies at Denver showed that a filter made 
up of Pennsylvania anthracite gave considerably longer runs than 
most sand samples and used a minimum of wash water. 

In a previous publication, Farrell and Turner‘ showed that anthra- 


_ cite coal would remove bacteria, certain colors, odors and tastes from 


water more efficiently than sand. In order to compare these labora- 
tory findings with conditions similar to actual water works practice, 
the recirculation pressure filters of the Lehigh University swimming 
pool were utilized. This gave an opportunity of comparing the ef- 
ficiency of bacterial removal of the coal filters with the former sand 
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1 J. Am. Asso. Hyg. and B., 1927, 9: 9-30. 

? Block and Vetch: Eng. News Record, 78: 302 (1917). 
* Ripple, O. J.: J. Am. W. W. Asso., 23: 1317-20 (1931). 
A. and Turner, H. G.: Water Works Eng., December 2, 1931. 
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filters both with and without the auxiliary copper sulphate treat- a 


ment. Samples were tested daily over a four and a half month period 
for total number of bacteria and number of B. coli. 
Methods” of analysis were used in all instances. 


FILTER AND POOL 


The swimming pool filter consists of two enclosed cast iron verti- _ 


cal single cylinders of the ‘‘Baltimore”’ type, cross connected and 
operated as one double unit, with a capacity of 28 gallons per minute. 


“Standard 


The filter is built around the so-called sand valve or strainer, theholes 
of which are so small that any fine grains of sand are prevented from _ & 


getting into the pipe line. There are twenty-five of these strainers 
encased in concrete in the base of each filter. Above the filter medium 
there is a chain breaker stretched criss-cross, making 6-inch squares 
which are in position to break up any large clumps that may be raised 
during backwashing. At the top of the filter is a confining screen to 
prevent any of the finer material from being washed away. 


The rate of flow through the filter was 4 gallons per square foot _ 


The length of run varied greatly because of the different 
In some instances the 


per minute. 
number of persons entering the pool daily. 
filter was backwashed only once in ten days. 


passing the glass gauge was clear. 
the loss of head was from 8 to 10 pounds. 


The swimming pool is 75 feet long, 25 feet wide and slopes in depth — | 


from 43 to 94 feet. Its capacity when full is approximately 100,000 
gallons of water. This water is circulated by a centrifugal pump. A 
constant temperature of 74° to 76°F. is maintained by heaters con- 
nected to the system. All the water in the pool is circulated every 
56 hours. 

Water for the pool is secured from the city supply, which is Lehigh 
River water purified by filtration, followed by chloramine treatment. 
The residual chlorine at the supply reservoir is 0.05 to 0.1 p.p.m. 
When it reaches the pool it is zero. 

The average number of students entering the swimming pool is 
approximately 75 daily and a large number of bacteria, dirt and hair 
are carried in. A shower is a requirement before entering and no 
bathing suits are worn. To repurify the water, filtering and the 
addition of copper sulphate are used. Upon filling the pool 0.48 

p.p.m. — are added and 0.24 p.p.m. — — 


The rate of backwash- 
ing was 10 to 15 pounds pressure for 3 to 5 minutes until the water _ 
Backwashing was started when 
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PROCEDURE 


Two samples were collected daily; one from the pool itself and one 
from an outlet in the filtration system between the filters and the inlet 
to the pool. In comparing this work with that experienced in water 
works practice, the first sample would correspond to raw applied 
water and the second sample to the effluent from the filter. These 
samples were tested for a period of two months using the sand filter 
which had been installed 8 years previously. The sand filter was 
then torn down and examined. Thé composition of the filter medium 


was found to be as follows: 
tus ae oF xis doidnw 


3 inches ¢ inch gravel bo 


4 inches no. 1 graded silica filter sand 
pit 13 inches no. 2 graded silica filter sand 


6 inches no. 3 graded silica filter sand 


A sieve analysis of the proportionately combined three grades of 
silica sand showed it to have an effective size of 0.5 mm. and a uni- 
formity coefficient of 1.8. When the filters were first opened the top 
layer of sand was mixed to a depth of two inches with a matting of 
hair which made an excellent schmutsdecke. Below the top four 
inches the sand was very clean and appeared unchanged. At the 
junction of the sand and gravel it was found that there was practically 
no mixture of these two sizes. 

The filter was emptied and refilled with anthracite coal of the 
following sizes: 


SIZE DEPTH 

inches inches 

48 mesh 


It will be noted that the coal filter contains a greater percentage 
of large sizes than does the sand filter. This was designed with the 
idea of more closely rectal ae conditions in an ordinary rapid sand 
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To remove coal dust from the filter, it was backwashed for 8 hours, — a 
starting at a pressure of 10 pounds which was maintained for two pee 


ig hours, and then gradually raising the pressure to 25 to 30 pounds 
tei for the remainder of the time. For three days thereafter some of the _ “a 
ied finer coal particles were washed into the pool and made it quite murky. aes ; 
ose After these fine particles had settled to the bottom of the pool, they _ he : 
ter were removed and no sign of coal dust was noted from then on. i 
as The no. 4 buckwheat was especially prepared to give a sieve an- 

m alysis that would be comparable with the sand removed. The 


analysis for this fine coal showed an effective size of 0.45 mm. and a wee 
uniformity coefficient of 2.4. The loss of fine material in washing __ 
would somewhat increase the effective size and reduce the uniformity 
coefficient. It is not possible to determine the extent of this change Pp “e, 
until the filter is again torn down. : 


if TABLE 1 
; Comparative efficiencies of coal and sand in removing bacteria from copper ha 
in sulphate treated pool water aes 
p 
f BACTERIA PER CUBIC CENTIMETER ag 

r bocay Before After Percent 
refiltration refiltration efficiency 
4 Sand plus CuSO, (22 days)........... 207 138 43.2 

Coal plus CuSO, (18 days)............ 2,981 1,341 55.0 
A chemical analysis of this no. 4 buckwheat showed it contained a 


76.0 percent fixed carbon and 18.0 percent ash, the remainder being 
mainly volatile matter. This is a high ash content.’ A filter coal 
with a much lower ash content and a higher percentage of free car- 
bon might be a still more efficient filter medium. _ 
The sand filter was operated for 22 days (January 26 to February _ 
21) with pool water disinfected with copper sulphate. These bac- 
 teriological results are to be compared with the first 18 days (April 
2 to May 2) operation of the anthracite filter, during which period 
copper sulphate was likewise used. The results of this comparison 
are indicated in table 1, which shows the average number of bacteria 


A codperative sampling program by the U. 8S. Bureau of Mines and the 
Anthracite Institute in which breaker products from all parts of the anthra- | 
cite region were analyzed by the Bureau shows that no. 4 Buckwheat has an 
average ash content of about 3 poreent: 
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- ee % per day in 1 ec. of water for a twenty-two and an eighteen day run 
ie of sand and coal respectively. 

It will be noted from table 1 that the average number of bacteria 
in the pool before filtration was lower during the period when sand 
was used than in the time coal was used as a filtering material. This 
is largely due to the fact that the former period included an examina- 
tion and vacation period of approximately two weeks when the num- 
ber of men entering the pool dropped off 75 percent. This probably 
also accounts for the apparent low efficiency of the sand filter. 
It will also be noted from table 1 that the coal filter, although more 

efficient than the sand, is likewise not up to the standard of filters in 
general as far as the removal of bacteria is concerned. This low ef- 
ficiency for the coal filter may be due to the fact that it is too new 
to have developed an effective artificial schmutsdecke. Later re- _ 
sults tend to confirm this assumption. 


TABLE 2 
Comparative efficiencies of sand and anthracite in removing bacteria from pool ; 
without CuSO, treatment 


7,458 | 1,385 81.0 


In order that the results obtained would not be complicated by the 
use of a germicide, runs were made with coal and sand filters without _ 
the copper sulphate treatment. The results are shown in table 2. 

Table 2 shows the average number of bacteria per day for sand. 
on an eight day run and coal for a fourteen day run. It will be 

 notized that the new coal bed closely approximates the old hair- 
matted sand filter. When tables 1 and 2 are compared some idea 
can be obtained concerning the disinfecting ability of copper sulphate “f 
on the pool water. val. of 
teqqos 

BACTERIOLOGICAL ANALYSIS 

In testing for members of the colon-aerogenes group, 50 cc. of water 
from both the pool and water leaving the filter were inoculated into” 
lactose broth tubes. In all positive presumptive tests, one or more 
lactose broth tubes were streaked on Endos agar as a confirmatory 
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- being dependent on freight charges, which in turn depend on the — 
_ distance from the source. In this connection, it must be remem- 
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measure. The organisms growing on the Endos agar were isolated 
and stained, and reinoculated into lactose broth. 


tive tests. leven of this number were found to belong to the colon- a ee . 
aerogenes group. When tested for indole, methyl red coloration, 2 
the Voges-Proskauer reaction, and growth in sodium citrate broth, __ 
five of these eleven species were typical Es. coli, one was atypical 
Aerobacter aerogenes, and five were atypical members of the group. 
The remaining 23 species which were isolated from tubes showing iS se 
positive presumptive tests were mainly staphylococci, streptococci, ny . 
spore forming rods, and in the majority a small Gram-negative rod 
which was identified to the genus Pseudomonas. These four groups __ 
failed to ferment lactose in the completed test of the ‘Standard Meth- 
ods” procedure. It is safe to assume, therefore, that the original — 

fermentation of the lactose broth in the presumptive test was pro- 
duced by anaerobic spore formers, or through the synergistic action  — 
of two or more species of bacteria. No conclusion concerning the 
ability of these two filtering substances to remove the Colon group 
of organisms from the applied water can be drawn at this time | 


The present paper, while not confirming the higher percentage of _ 
bacterial removal by coal over sand as demonstrated in a previous © 
quantitative paper,‘ does show under plant conditions that a new 
coal filter is as efficient as an old hair-matted sand filter. 

The use of coal is worthy of serious consideration by water works | 

operators. Many problems in water works filtration must of neces- __ 
sity be worked out for this relatively new filter medium: What is | 
the best depth for a rapid coal filter? What is the “‘effective size” 
of the coal and how is this size correlated with effective filter washing? 
What is the optimum rate of flow? These and many other local 
problems confront the introduction of coal as a general filter medium. © 

The first cost of coal compares very favorably with sand, both © = 


bered that anthracite weighs a little over half as much per cubic foot 
as does sand. In other words, one ton of coal will do the same work = 
as one and three-quarters tons of sand. 

In making price comparisons, it should be kept in a mind that 
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angular grains of coal should be compared to angular crushed quartz, 
rather than to water-worn or wind-worn sand. 


CONCLUSION 


Anthracite coal as a filter medium in a small pressure filter worked 
as efficiently as sand. 
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IMPAIRMENTS IN FIRE PROTECTION AND THEIR | 


(a hief Engineer, Underwriters Association of New York State, 
Syracuse, N. Y.) me 


The Underwriters have always laid great stress on the importance of 
adequacy and reliability of supply, including duplication of supply 
mains, pumping units etc., to guard against any complete interruption 
of the supply in the event of a large fire. A careful study of the 
chronological relations between such major impairments and muni- 
cipal fire records now turns us to the conclusion that these features 
may have been over emphasized at the expense of other impairments 
locally far more serious. 

Our engineers have carefully gone over the records for the past ten 
years, and while we have had a number of instances of supply main 
breakage, drought, leaky reservoirs, broken pumps, etc., the coinci- 
dence of a large fire at exactly these times has not occurred, nor have 
we had in this territory a conflagration loss on this account. 

The reason for this is obvious. The impairments of this type are 
discovered almost immediately and every effort is made to resume 
service in as short a time as possible, and in the meantime to provide 
emergency supply, the fire department is on the alert, and all possible 
precautions are taken. 

The thief in the night is the closed gate valve, usually in the general 
distribution system, which remains undiscovered until brought to 
light by failure to obtain even a reasonable supply of water in time of 
fire. In our engineers’ routine inspections and tests of water works 
it is, I am sorry to say, especially in the small communities, a very 
common occurrence to find that in some sections of the community 
the protection is far below that which theoretically should be available. 

Our engineers’ first question, when such conditions are found, is 
whether there have been any shutoffs for repair work, extensions, etc., 
and if so, whether they are sure that all the valves have been opened. 
The answer to the latter question is invariably ‘‘Yes.’”’ Then, by a 
series of flow tests similar in principle to the pitometer readings, we 
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find the approximate location of the defective valve. 1 use the word 
“‘approximate”’ designedly for the next thing is to find the valve itself. 
We could have been a strong competitor of the United Cigar Stores if 
we had accepted all the wagers of boxes of cigars that there was not 
a closed valve in the city, etc. ! 

I should like to quote the following half dozen examples taken at 
random from a large number, that we may emphasize the seriousness 
of this situation, foritisa hiddenmenace. ‘The static pressure usually 
remains fairly normal and if the local domestic consumption is not 
high, the impairment would remain undiscovered until fire draft on 
the system becomes necessary. Visualize, if you will, a fire depart- 
ment attempting any sort of effective work under such conditions as 
these. 

1. Ten inch gate found closed on line in front of large sprinklered 
furniture plant—static pressure 78 pounds, residual 10 pounds, 750 
gallons per minute delivery. Valve open—static pressure 77 pounds, 
residual 63 pounds, 750 gallons delivery. 

2. Subsequent to installation of new hydrant, valve at one end of a 
long block in the main business section was left closed, at the other 
end partly closed. With valve closed static pressure was 90 pounds, 
residual 53 pounds, 955 gallons. With valves open—static pressure 
was 90 pounds, residual 85 pounds, 1000 gallons delivery. 

3. One valve left closed after making service connection to an im- 
portant manufacturing plant, valve closed—static pressure 109 pounds, 
residual 18 pounds, 750 gallons delivery. With valve open, static 
pressure 115 pounds, residual 90 pounds, 750 gallons delivery. 

4. Main arterial valve left closed, with the intent of preventing 
surge. Valve closed—static 101 pounds, residual 80 pounds with 
1025 gallons delivery. Valve open—static 97 pounds, residual 87 
pounds, 2155 gallons. I might state that in this case the closing of 


this valve was not approved by the Superintendent and Engineer in | 


charge of the system. 


5. Gate on 6-inch line to large manufacturing plant closed, stem 
broken off. It took 1} days to find the valve. With valveclosed— _ 


static 95 pounds, residual 9 pounds, 500 gallons delivery. Valve 
open—static 100 pounds, residual 83 pounds, 600 gallons delivery. 

6. Main business district, three valves found closed or partly so. 
Valves closed, original test, static 96 pounds, residual 20 pounds, 820 
gallons delivery. Valve open—static 100 pounds, residual 78 pounds, 
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As previously stated, these are but a very few specific instances 
taken at random from a large number, and there are approximately 
600 water systems in the territory under our rating jurisdiction and it 
takes us about five years to get around to them all. While the con- 
ditions quoted and many others which I have not time to read, were 
corrected at the time of inspection, it is reasonable to believe that 
such conditions will recur unless proper steps are taken by the water 
works authorities to prevent them. 

These steps consist primarily in the location and inspection of every 
valve and the establishment of adequate and accurate maps and 
records showing the location of every valve on the system and its ties 
to permanent monuments. Secondly, the most scrupulous care 
should be used in seeing that valves closed for any purpose are re- 
opened. Records should be kept in a manner indicating the reason 
for closing the valve, the time of closing and time of opening. Any 
changes in grade of streets where there are water mains, by the De- 
partment of Public Works or the State Highway Department, should 
be carefully watched. We have found cases of valve boxes buried 
under 6 inches of concrete and the valve closed. In all fairness, I 
might state that it is usually in the smaller communities where such 
maps and records are not kept, and information as to locations and 
pipe sizes is handed down from one superintendent to the next. It is 
well worth the time, and the expense is small, for any superintendent 
who finds himself in such a situation, to institute for himself and his 
successors, a proper system of records. One of our largest private 
water companies, supplying what we would call ‘“‘suburban”’ territory 
only, is a shining light in this regard. 

(Presented before the New York Section meeting, April7,1932.) 
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WATER SUPPLY IMPROVEMENTS AT FORT VALLEY, | 

(Superintendent, Water Works, Fort Valley,Ga.) 

The source of water supply for the City of Fort Valley is from deep 
wells, operated until 1926, entirely by pumping with compressed air. 
Increased demand in that year caused the Board of Water and Light 
Commissioners to contract with the Layne-Bowler Company of St. 
Petersburg, Florida, for the drilling and pumping equipment of an 
additional well. Each of the four wells previous to the construction 
of the new one, produced from 20 to 60 gallons per minute. The new 
well when completed and operated to some extent, produce 280 
gallons per minute while discharging through a 6-inch cement lined 
pipe into a reservoir 1000 feet distant. This well is operated by means 
of a deep well turbine centrifugal pump. The city with a population 
of 5,000 now has an adequate supply of water. 

arel” od sorted 2osia oqiq 

When the new well was put into operation, a booster pump was 
installed directly in connection with the distribution mains, at the 
well house. In this manner, it was thought, that service from an 
ample source should be delivered direct to the system. Previous to 
- that time, all of the older wells flowed to a central reservoir from which 
_ the supply was pumped to the distribution system including the 200,- 
000 gallon elevated storage tank. Considerably less cost of pumping 
was experienced with the new well. Smaller quantities of water were 
obtained from the older wells and an excessive cost for pumping was 
_ recorded during their exclusive use. The new well produces as much 
or more than the total flowage from the four older wells. The larger 
portion of the present consumption is now supplied, therefore, by the 


uch or partly 
QUALITY OF SUPPLY 


Pets) 


The entire supply has produced an excellent quality of drinking 
water. The records maintained through the direct coéperation be- 
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tween plant superintendent and the State Board of Health labora- 
tories, indicate purity for human consumption throughout many 
years. Bacteriological examinations, constantly maintained, are 
satisfactory to the Water and Light Commissioners and to the con- 
sumers. 

The chemical and physical characteristics of the water produced by 
the new well, however, were unsatisfactory in both domestic and in- 
dustrial uses. Average values from a series of sampling are shown 


below. 

Characteristic Parts per million 


Some months after the new well began operation, complaints were 
received which increased in number from week to week. Observation 
by the working forces of the department indicated that corrosion was 
rapidly developing a rust cloud very difficult to cope with unless the 
cause were found and removed. Evidently the old well supplies had 
not produced the corrosive qualities sufficient to develop complaints 
of this nature. The troubles were almost universal,—in domestic 
use, manufacturing processes, and an boiler operation. The peach 
industry has been outstanding in the Fort Valley district. Water, 
not sufficiently clarified to eliminate the appearance of an insoluble 
ferric compound, does not tend to produce a fine appearance in canned 
peaches or other canned fruit. The city produces all of its elec- 
tricity for light and power, and the steam boilers—as a result of use 
of this water—developed a hard, brownish scale, all steam or hot 
water piping indicating a severely corroded condition. Hot water 
systems in the homes became very unsatisfactory, great quantities 


of rust scale being unavoidable in baths and laundries. Fine dress 
goods or light colored laundry were ruined partially or entirely by the 
use of the water. 


EFFECTS OF CORROSION 
A thorough consideration of the problem by the commissioners led 
to the preparation of an estimate of the actual monetary losses which 
would be incurred by the inhabitants of the city, if such corrosion 
were allowed to continue. A list of the actual losses, computed on 
an annual basis was estimated at a total of more than $10,000.00 each 
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year to the whole community. This estimate is derived from the 
prorated cost of pipe and meter replacements, depreciation in value 
of personal property by laundries, depreciation in steam plant values, 
and of manufacturing products, plumbing replacement costs or con- 
sequent loss of water due to corroded equipment, etc. Abandonment 
of the new supply was seriously discussed, with the eventual conclu- 
sion that its cost would then be a complete loss to the city. It was 
decided on the contrary to consult an expert in the matter of treating 
water supplies in an effort to save the well and at the same time to 
produce a satisfactory water from its excellent quantity of flow. 

As already noted several careful analyses of samples from the new 
well produced an average of 45 p.p.m. of carbon dioxide and 0.56 to 
1.3 p.p.m. of iron present in its waters. Similar examinations of the 
older wells indicate a greatly reduced average of 5 to 6 p.p.m. of CO, 
and a trace of iron content. Upon preliminary study of the chemical 
determinations, it was thought that the quantity of iron present in 
the new well would require the use of filtration equipment in order 
to eliminate sufficient of the objectionable elements and rid the dis- 
tribution system of its troubles. Hydrogen ion concentration values 
were down to 5.2 pH. 

a The direct connection from the well to mains was eliminated. A 
quantity of cement lined cast iron pipe was purchased and a new line 
laid 1000 feet through the industrial section to the ground storage 
reservoir, which unfortunately in this case served also as the suction 
chamber of the main pumping units. Aeration to a limited extent 
was effected by suspending pipes leading to several nozzles under the 
reservoir roof, which was built in the shape of a flat cone. A num- 
ber of openings, as large as permissible, were cut in this concrete roof, 
giving at least a moderate supply of oxygen to the space above the 
normal water surface. Subsequent results, after turning the supply 
through this system, indicated the desirability of maintaining a lower 
level in the reservoir than before. The capacity of the storage 
amounted to 187,000 gallons and the average dry weather consump- 
tion was then 350,000 gallons. Lowering the level in the reser- 
voir where the sprays were placed, necessitated more attention than 
formerly and it was found difficult to maintain the desired circulation 
of air about the nozzles. However, the following data for 1928 show 


a measure of results obtained by these changes and treatment. : 
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19.24) 14 0.3 6.4 
Distribution system. 15 1.4 6.5 


This portion of the improvement was completed in March, 1928. _ 
Expenditure for materials and labor was very moderate. There 
resulted a diminution in complaint to the water department, but _ 
periods of extreme deterioration in the system continued, gradually 
developing objectionable points where losses were begun or actually 
realized. Careful observation led to further consideration of the 
problem in January, 1931. 

EXPERIMENTAL TREATMENT PLANT 

An examination of the studies and publications of the Water Re- 
sources Branch of the United States Geological Survey indicates that 
there are hardly two well waters, exactly similar in characteristics. 
With this in mind, an experimental treatment plant was constructed 
on the only available area situated on the property, adjacent to the _ 
reservoir in which the sprays were in use. The cement lined pipe 
leading from the new well was tapped and a small diameter pipe laid 
to the experimental plant. Thus a supply which could be varied from 
24 to 5 gallons per minute, was treated. A detention of 6 hours — 
within the plant was effected by a flow at the rate of 65 g.p.m. 
Without the use of sand filters, the effluent, as sampled at various 
times indicated CO, at 3 p.p.m. and iron at 0.05 p.p.m., with pH © 
values as high as 7.3. It was fully developed that the cost of filtra- 
tion could be eliminated in the design for the required treatment. _ 
This careful procedure and the studies which were authorized by the 
commissioners, rendered a saving estimated at $10,000.00. A full 
report covering results to be expected, and an estimate of costforthe 
required treatment works was then prepared and submitted with 
recommendations to the board for their deliberation and action. | 
Subsequently complete plans and construction were authorized. 


DESIGN AND CONSTRUCTION OF TREATMENT PLANT 


From the plans and specifications, bids were received from 18 firms 
on materials of various kinds which entered into the work of building 
a complete plant. The commissioners were able to secure satisfac- _ 
tory materials at prices advantageous to the city. Reputable and 
well known firms were represented in the bidding. The actual work 


¥ 


alue 
ues, 
On- | 
ent 
vas 
ing 
to 
ew 
to 
he 
O, 
al 
in 
er 
s- 
eS 
e 
e 
n 
a 
i] 
| 
> 


directed by the superintendent, representing the commission. in’ 
_ All labor and mechanics were employed directly by the department, no 
tye thus furnishing employment to residents of the city at a time when 
most needed. Where possible, local materials as well were used in the wi 
work. The size and extent of the job warranted the day labor plan ro 
selected. he 
7 J Excavation began April 2, and the plant was complete and in opera- ef 
tion for tests October 20. Water was actually passed through the 
ian treatment plant into the city mains on the latter date. The area G 
ce required for the construction was barely satisfied, after the removal re 
of a portion of the storehouse adjacent to the railroad spur track b 
which skirted the water works property. The city was forced to p 
ie deposit all material excavated on a turning area adjacent to its prop- I 
erty. +The foundations of the 200,000 gallon elevated tank but 12 n 
feet distant from the walls of the new structure, required care and pro- a 


tection during the work and the railroad spur opposite was so near 
_ that the heavy rains made the construction hazardous. However, 
the tracks enabled rapid and advantageous unloading of materials 
shipped in. 

In the order of building, the various portions of the treatment 
_ plant are, the sedimentation basin, mixing flume, decarbonator, dry 
feed room, aerator, and the chlorinator station. The first five men- 
tioned were built as one unit with provision for enlargement. The 
_ sterilizing equipment was installed in the pumping station to function 
better in application to the plant effluent as it is pumped to the dis- 


Careful chemical analyses of the new plant effluent on several oc- ; 


casions have developed the following average values, in parts per 
million. 
Characteristic chemica 


The detrimental elements which exist in these natural underground =| 
__- waters are now capable of elimination before the supply is pumped 
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n. into the city distribution system. The large producing well should 
t, now prove an advantage. 

n It is an accepted fact that all waters will produce a coating of rust 
e where iron is contacted. Excessive rust and disturbance from cor- 
n rosion, however, should cease to exist in the system. Laundries and 
hot water systems should be capable of operation without harmful 
effects to containers or fabrics. 

Steam boilers should be effectively and economically operated. 
Galvanized iron pipe should show a much longer life. Meters should 
require less attention for repairs or replacements. There should 
. be no more water losses, due to corrosion of fixtures, connections and 
) piping. The total cost of improvements was paid for out of earnings. 
If properly operated it is estimated that the cost of the water treat- 
ment plant will be absorbed by the savings made possible by it during 
an operating period of two years. 

The entire work was accomplished under the direction of the Water 
and Light Commissioners and the superintendent. Mr. N. W. Jor- 
dan, Secretary of the Commission, at all times gave his utmost co- 
operation both in preliminary investigations and labor required in 
receiving bids and awarding contracts. Investigations, plans, and 
supervision of construction were entrusted to Warren E. Darrow, 
Consulting Engineer, Columbus, Georgia. ‘beet ow mmt 
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THE TRUE SIGNIFICANCE OF DRAWDOWN IN WELLS : 


By Howarp O. WILLIAMS 4 
: am (Office Engineer, Edward E. Johnson, Inc., St. Paul, Minn.) : 
° It has been customary in the past, when considering the yield of 
water wells, to make the assumption that a constant maximum radius 
of the zone of influence is established and to approach the problem 
wholly from the standpoint of the movement of ground water within 
that zone (or ‘“‘cone’’) of influence. It is usually assumed that a 
constant supply is brought to this zone of influence equal in amount 
to the draught. This supply is considered as coming largely from 
distant sources, and the problem of yield as chiefly one of permeability 
of the stratum. 

In the studies of this problem by Miller-Brownlie! and Horton,’ 
we find that this assumption has been replaced by another assump- 
tion whereby the problem is treated from a different angle. Quoting 
from Horton’ we read: 


Instead of assuming, as is often done, a constant radius of the cone of influ- 
ence, he (Miller-Brownlie) assumes a minimum constant slope of the water 
table within the limits of the cone, which slope he assumes will be quickly 
reached after pumping begins and will remain constant as depression advances 

. In effect this amounts to the assumption that there is a minimum angle 
of friction for ground water similar to the angle of friction for solids. If the 
slope of the water table is at less than this minimum angle, motion, or at least 
appreciable motion, in supplying a well, will not occur. .... 

Miller-Brownlie’s treatment of this subject, and the author’s formula based 
thereon, differ from the usual mode of treatment in that it is assumed that the 
supply of the well is ultimately derived entirely from infiltration over the area 
covered by the cone of influence, whereas in the usual method of treatment 
heretofore, it is assumed that the well is supplied by water flowing into the 
cone of influence around the periphery of this cone, and infiltration on the area 
of influence is neglected. 


1 Miller-Brownlie: ‘‘Subsoil Water in Relation to Tube Wells for Irriga- 
tion,”’ Engineering and Contracting, March 31, 1930, page 355. 

2 Horton, Robert E.: ‘‘The Depletion of Ground-Water Supplies,’ Journal, 
March, 1921, pp. 167-173. 

* Op. cit., pp. 167-168, 173. 
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illustration similar to figure 1. 


= Rate of draught or pumpage, in cubic feet per year. 


DRAWDOWN IN WELLS | 


The treatment of the problem is continued with reference to an 
The following formula is evolved: 


wl (H, — hy)? 
13 in which 


Infiltration depth, inches on surface per year. 
Total drawdown of water level, in feet. 


abrupt depression due to entrance resistance immediately around 


the well, in feet. 
assumed minimum slope for the given soil 


Pr 


from a given well.” 


water. 


Fig. 1 


This formula is advanced expressly as being ‘‘adapted to the deter- 
mination of the maximum yield which can be permanently derived 
For this purpose H, is the total depth of ground 
The writer can see no reason why this cannot be applied 
equally well in cases where the total depth of ground water and the 
total depth of ground water above the deepest point of a well are not 
the same, as in the case of a well in which the bore-hole does not 
extend to the bottom of the water-bearing stratum. 
would appear proper to apply it by considering H, as the depth from 
the static water level to any given constant point of maximum draw- 
down, such as the suction limit of a pump. 
of this formula, the results would represent the maximum permanent . 
capacity at the given limit of drawdown. 


Likewise, 


In such an application 
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_ The writer wishes to make a further application of this formula 
with special reference to the significance of the drawdown which 
results from losses adjacent to the well-end, referred to as h; in the 
formula. In the papers by Miller-Brownlie and Horton this matter 
is not given particular attention except to state that h, is the only 
factor which varies with the diameter of the well, the variation being 
about inversely as the circumference of the well. 
Let us apply this formula to the following set of conditions: 


t 


10 feet 


m = 0.005 


Problem: To find (1) the change in capacity which will result from 
a decrease in H, to 25 feet by decreasing h; to 5 feet; (2) the change 
in capacity which will result from decreasing H, to 25 feet without 
decreasing h,; (3) the change in capacity which will result from 


The primary equation will read as follows when changed to express 


7 maintaining 17, at 30 feet and decreasing h, to 5 feet. 


Q in g.p.m. instead of cubic feet per year: iby 
0.005 
= ———— = § P 


Substituting into the primary equation (P) the proper figures to 
calculate the answers for parts (1), (2) and (3) of the problem, we have: 


25-5 

70.000. 59.8 g.p.m. lo 
batiqgs od torso 25-10\" Hed 

“alt bate: ‘Stow bey 12 0 005 005 it} 
Tew lo Q= 70,000. ip diaab (2) 
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Comparing (P) with (1) we find that any reduction in the total 
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H, accomplished by reducing the ‘ “trumpet- “head” draw- 
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radius within which the losses are attributable to /;. 
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DRAWDOWN IN WELLS 


down h, will result in no reduction in the yield of the well, thus 
making the reduction in drawdown a clear gain. 

Comparing (P) with (2) we find that any reduction in the total 
drawdown H, accomplished without reducing the trumpet-head 
drawdown h, will reduce the yield of the well as (H,g — /y,g)?/ 
(Hyp — hip)*. 

Comparing (P) with (3) we find that any reduction in the trumpet- 
head drawdown h, without reduction of the total drawdown H, will 
result in an increase in yield as (Hyg — hic)?/(Hgp — hip). 

As illustrated in these examples, this formula serves to bring out 
in true measure the significance of that portion of drawdown called 
the “‘trumpet-head,”’ or h,, which is the result of losses directly adja- 
cent to the well-end. Only by assigning special importance to this 
factor, as in this formula, is it possible to account for the immense 
increases in yield which are obtained by the use of well screens with 
large area of intake opening and of proper design to make the appli- 
cation of effective ‘“development”’ methods possible in wells obtaining 
their water supply from sand and gravel strata. The process of 
“development”’ is a mechanical means whereby h; is reduced through 
the removal of finer sand grains, silt, etc., from the area adjacent to 
the well-end for the purpose of increasing the permeability of the 
water-bearing material adjacent to the well-end.4 The practical 
importance of this process has been recognized by leading well con- 
tractors and engineers for some time, but it has not received the 
recognition it deserves from those interested in theoretical investi- 
gations. 

If a definite portion of H, may be allocated to h, under any given 
set of conditions in the case of a well ending in a sand or gravel forma- 
tion before development has been applied, it is quite conceivable 
that h, may be reduced to zero or even to a negative number, for 
purposes of the formula, if the proper screening device and develop- 
ment methods are applied, due to the fact that the permeability of 
the water-bearing material may be increased within a radius con- 
siderably greater than that which would normally be termed the 


Following the common assumption of a normal gradient in the form 
of a parabola, gradient No. 1 shown in figure 2 is described for a well 


‘For a more complete discussion of this matter see the author’s paper, 
‘Some Problems of Water Well Capacities,’’ Journal, July, 1931, pp. 995-1,009. 
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using the equation y? = 2x2 — and con- 


structing the parabola with reference to the axis of abscissas X 9X’. 
If h, be eliminated, H, remaining constant, a parabolic gradient curve 


having H, = aand = 
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is described, using the equation y* = 2.c, and constructing the para- 
bola with reference to the axis of abscissas XX)’. 

The two circles in lower section of figure 2 show in proper propor- 
tion the zones of infiltration included within the limits of the two 
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on- gradients described above. The extensive increase is the result of 
the complete elimination of h, under the assumptions herein men- 
tioned and represents graphically the great importance of reducing — 
this portion of the total drawdown to the smallest possible amount. 


tical nature, will follow the lead of Miller-Brownlie and Horton in 
taking due cognizance of this important factor, especially when deal- 
ing with wells ending in sand and gravel formations in which it has _ 
such vital significance. 

(Presented before the Minnesota Section meeting, September 16, 1932.) 
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THE CHEMICAL AND BIOLOGICAL CHARACTERISTICS 
mt ss OF PACIFIC NORTHWEST WATERS 
~leob sedw y 
By H. W. NicHTInGALe 


(State Sanitary Engineer, State Department of Health, Seattle, Wash.) 


The fresh waters of the pacific Northwest vary in chemical and 
mineral composition. These variations result from a variety of 
geological and climatic conditions which obtain on either side of the 
Cascade Range. 

Although there are no extensive data available concerning the 
mineral content of these waters, Water Supply Papers 339 and 363 


~ 


fe of the U. S. Geological Survey provide fundamental data of value. 
___ These papers cover the chemical characteristics of surface waters of 
ati Washington and Oregon respectively. Tables are furnished with 
oa these reports which show the average chemical composition of the 


rivers of each state. 

The Oregon rivers show a wider range in dissolved solids than those 
in Washington, being 30 for the Bull Run River near Bull Run to 246 
p.p.m. for the Crooked River near Prineville. The dissolved solids 
in the principal Washington Rivers extend from 46 to 131 p.p.m. 

The suspended matter in the Oregon streams also shows a higher 
range than that found in Washington streams. The highest average 


figure of 241 p.p.m. occurred during the sampling period. 


all show an average figure of less than 0.1 p.p.m. 


p.p.m. When compared with the chloride content of other surface 
waters these figures are not high. 

The bicarbonate radical which is of importance as furnishing a 
guage to the temporary hardness of the water, shows a maximum of 
199 p.p.m. for the Crooked River, an Oregon stream, and a minimum 


for all these rivers occurs in the John Day River at Dayville, where a — 
The iron content of the rivers in both states is low since practically — q 


Chlorine as chloride shows the higher range in the Oregon rivers 3 
especially on the Snake, Crooked and Owyhee rivers where from 11 to _ i 
17 p.p.m. were found. The Washington rivers with the exception of = 
the Snake show very low chlorine averages, ranging from 0.4 to 5.2 | 
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of 12 for the Bull Run River. The higher range of bicarbonate occurs 
in the Oregon rivers. 

The sulphate radical which furnishes a measure of the permanent 
hardness shows approximately the same figures for both states. 
None of these surface waters are high in sulphates. 

Magnesium which as chloride and sulphate causes permanent 
hardness is relatively low in the river waters of both states. The 


Average chemical composition of the surface eae of ashington 
MINERAL CONTENT IN PARTS PER MILLION 
squnce oF ER) 2 2 g = 
Cedar at Ravensdale...........| 5} 4.2)13 |0.02) 6.71.4) 0 | 28) 5.7/1.2) 49 
Chehalis at Centralia.......... 17/18 (16 (0.08) 7.1/1.9| 0 | 31) 6.4/5.2) 63 
Columbia at Northport........| 5.7| (4.7) 0 | 73)12 (0.6) 84 
Columbia at Pasco............. 9| 7.7| 7.7}0.0418 (4.5) 0 | 73\11 (0.7) 83 
Columbia at Cascade Locks: 
26/52 (0.04/16 (4.2) 0 | 67/13 |2.0) 89 
Green at Hot Springs.......... 6| 7.0/17 |0.04) 6.0/1.3) | 28) 5.9/1.3) 55 
Klickitat at Klickitat.......... 15/15 (27 (0.13) 7.1/3.2) 0 | 44) 7.2/1.2) 79 
Naches at Naches.............. 27\29 |0.08) 8.2/2.5) 0 | 43) 5.9/0.4) 71 
Okanogan at Okanogan........| 25|24 |14 (0.02/21 (4.6) 0 | 81/16 (0.8/110 
Skagit at Sedro Woolley.......| 12)19 | 7.9|1.7| 0 | 29) 48 
Snake at Burbank.............| 42}52 (0.05/19 (5.6) 0 | 83/21 (|8.1/131 
Spokane at Spokane...........| 5) 4.1/11 (0.02/11 (3.6) 0 | 48) 9.210.6) 63 
Wenatchee at Cashmere........ 9| 7.0)12 (0.03) 5.5/2.3) 0 | 28) 7.4/1.0) 46 
Wood (Creek) at Everett....... 10:13 (25 (0.01) 8.6/4.5) 0 | 51) 7.8/2.9) 86 
Wynoche at Montesano........| 2} 2.611 (0.01) 8.2/2.2) 0 | 36) 53 
Yakima at Cle Elum........... 6| 6.8| 9.9/0.02) 6.7/2.3) O | 32) 6.2/1.6) 47 
at Prosser ......... <<» 18/17 (19 (0.10/16 6.1) 0 80/21 5.2)123 


Data from U. S. Geological Survey, Water Supply Paper 339. 


rivers in Eastern Oregon which contain a relatively high content of 
dissolved solids also show the higher magnesium content. 

Silica (SiO?) in the oregon rivers shows a higher average than in the 
Washington rivers. When silica occurs in a colloidal (finely divided 
state) it forms what is known as glacial milk or flour. Such mineral 
matter requires a considerable period for settlement from a river 
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H. W. NIGHTINGALE AL W. We A, 
Average chemical composition of the water of Oregon rivers 
MINERAL CONTENT IN PARTS PER MILLION 
3 
SOURCE OF SAMPLE (RIVER) 2 : 3 32 g2 
aja 24 6 6 
Bull Run, Bull Run..} Tr. 2.7; 0.53/0.0) 12) 3.1) 1.3 | 30 
Chewaucas, Paisley..| 32 | 47 | 19/29 |0.20) 7.6) 1.9 |0.0) 44) 4.5) 0.5 | 85 
Clackamas, Cazadero 2| 2.7) 4/17 (0.05) 5.3) 1.4 |0.0) 26) 3.9) 1.7 | 50 
Columbia, Cascade 
Locks 
1910 Ris 26 | 52 13 (0.04/16 | 4.2 |0.0) 67/13 | 2.0 | 89 
27 | 40 | 11/14 (0.06/17 | 3.9 |0.0) | 3.2 | 97 
Crooked, Prineville..} 110 |122 | 20/34 |0.09/26 (11 1.1/19917 |11 (246 
Deschutes: 
2.5} 3/24 (0.04) 5.1) 1.6 |0.0) 34) 3.6) 1.2 | 66 
Moody............| 32 | 48 | 12/28 |0.05) 8.5} 2.7 |0.0) 57) 5.0) 2.1 | 92 
Grande Ronde, Elgin.} 27 | 28 | 2630 (0.25/10 | 2.8 |0.0) 54 5.3) 1.6 | 99 
John Day: 
Dayville.......... 160 |241 | 20/33 |0.06/22 |11 |0.0)143) 8.9) 2.2 |166 
McDonald......... 245 | 27:26 (0.07/20 | 7.6 [0.0)11412 | 2.7 |144 
McKenzie, Spring- 
Tr. 2/17 |0.06, 4.4] 1.1 24) 3.8) 1.3 | 50 
Owyhee, Owyhee... .| 167 | 22/31 {0.12/26 | 6.4 |0.0)139/35 13 |230 
Powder.......... 35 | 60 | 22/26 [0.08/23 | 6.5 (0.0/136/24 | 6.5 |193 
18 | 15 | 12/24 |0.07| 7.2| 1.7 |0.0] 38] 4.1) 1.4 | 72 
Sandy, Brightwood..| 15 | 39 | 5/16 |0.07| 1.3 18) 7.2) 1.7 | 49 
Santiam, Mehama...| 2.4) 2117 10.04! 1.3 [0.0] 23] 1.0 | 47 
Siletz, Siletz........ 3] 5.6) 3) 9.4/0.03) 4.5) 0.9 |0.0) 17} 4.6) 4.2 | 42 
Pass Silvies, Burns....... 19} 18 | 14/41 |0.09/21 | 5.1 |1.2)113)12 | 4.7 |174 
Snake, Weiser, Idaho.} 80 |104 | 1026 (0.04/83 | 9.6 |2.0)130/35  |220 
Umatilla: 
oe Yoakum........... 30 | 29 | 1629 |0.08/10 | 3.0 (0.0) 55| 6.2) 2.9 |100 
79 | 59 13/34 |0.07/23 | 6.6 |0.0/116/23 | 9.4 
Umpqua, Elkton....| 12 | 15 | 14|18 [0.10] 7.9) 2.2 |0.0| 36) 3.0 | 67 
Wallowa, Joseph..... 1 1/10 |0.02)15 | 0.6 |0.0) 47) 8.5) 0.55) 64 
Willamette, Salem: 
¥ 11 | 12 15 |0.07| 6.5} 2.2 |0.0) 33) 5.7) 4.0 | 61 
| 13/15 (0.10) 5.3) 1.4 26) 3.7) 1.9 | 51 
ey Data from U. 8. Geological Survey, Water Supply Paper 363, Oregon. 
supply and can only be removed rapidly by means of coagulation with 
alum or copperas and lime followed by rapid sand filtration, = 
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of the writer in connection with any of these river supplies. 
é 


scattered and incomplete. 
aa 


softening, it appears that only a few laundries in such localities actu- 
ally soften their supplies. 
instances have a higher mineral content than that of the surface 
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Glacial milk is typical of a few streams in the northwest, such as 
the Nooksack and Elwha rivers which arise high up on the mountain 
ranges and possess a sharp gradient with consequent rapid flow. 

All of these river waters can be successfully purified with coagula- 
tion and rapid sand filtration. In certain of the smaller rivers which ie Sa 
show a fluctuating alkalinity it is necessary to add an artificial alka- = 
linity in the form of milk of lime in order to properly floc the water. eae 


= Sow 


On the coastal plain where rivers take on in certain instances a i a 
considerable color which is derived from swampy land, it is necessary — e's 


to apply an excess of alum in order to properly decolorize the water. oes of 


A dosage as high as 2 grains per gallon of alum is often used at one be ae 
of the filtration plants. = 


usually require a dosage of over 1 grain per gallon of alum. The é.) he 
Skagit River water in Washington, low in color but somewhat highin _ 3 : 
turbidity, requires as a rule only one half grain per gallon for success- __ 
ful coagulation. 

Such a rate of application is lower than the amount of alum required 
for properly coagulating the waters in many Eastern filtration plants. 

The hydrogen ion concentration expressed as pH ranges as a rule © 
from 6.8 to 7.4 for the rivers in Washington. Some of the lakes, 
especially those having a decided color, 20 or more, have an acid 
reaction and show a pH lower than 6.8. Such waters are likely to — 
cause corrosion in iron piping by virtue of their content of carbon 
dioxide and it is customary to maintain a pH of about 7.0 in the 
filtered water. In order to maintain this figure it is necessary in > 
most cases to add lime to the water during coagulation, since alum 
in itself lowers the pH of the water, thereby making it acid. ; 

There are no community water softening plants to the knowledge ~ 


GROUND WATERS itis 


Chemical analyses of the ground waters of the northwest are me 


Although some of the deep wells located in the eastern portion of 
Washington and Oregon no doubt are sufficiently hard to require 


The waters in these wells in certain - 


waters. 
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In Western Washington certain of these wells, particularly at 
Longview and near Mount Vernon, contain an objectionable quantity 
of iron ranging as high as 4.0 p.p.m. 

At Longview an iron removal plant utilizing the lime aeration and 
filtration method of iron removal is in use in connection with a deep 
well supply. 

In one instance a well about 400 feet in depth was drilled close 
to a beach on one of the Islands in Puget Sound. An infiltration of 
salt water occurred to the extent of introducing a chloride content 
of 2000 p.p.m. The use of this water was permanently discontinued. 

In certain of these deep wells located near the salt water, pitting or 
corrosion of the iron casing occurs which, if of sufficiently long dura- 
tion, will result in an inflow of seawater. 

Very few instances have occurred where hydrogen sulphide has 
been observed in deep well waters. 

At La Grande Oregon there are certain deep wells over 1000 feet 
deep which deliver an exceptionally clear water of moderate hardness. 
Hot water occurs in several wells in this region. 

The spring water supplies of the northwest vary in chemical 
characteristics. There are a few sulphur springs throughout the two 
states. Analyses of the spring waters are very incomplete. In one 
instance spring water has shown the presence of soluble arsenic. 
This spring is located near an arsenic mine. 


The quantity of chlorine required to render these waters safe for — 
domestic use varies from about 2 to 4 pounds per million gallons _ 
treated. | 

The 2 pound figure is used for most waters of relatively low dis- = -s 
solved organic content and slight degree of contamination. The a 4 
upper range is used in instances wherein the water is colored and of = 
relatively high content of dissolved organic matter. p. 

These waters absorb chlorine in a varying degree as shown by the free _ 4 
chlorine tests. As a rule the 4 pound dosage causes a definite taste . g 
in the supply. Ammonia has been applied in a few instances in con- 
junction with chlorine with beneficial results from a taste standpoint. ‘ 

From a health standpoint the ground waters as well as the surface __ 4 
waters of the northwest when clear, are generally satisfactory for . 
domestic use after chlorination. 

Water clarification throughout the Northwest involves no particu- 
lar complexities not encountered elsewhere in the United States. _ 
The surface waters now in use by the majority of the population of | 
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the Northwest are not polluted with a sufficient variety and quantity 
of industrial wastes to render them difficult to treat. Careful design 
of filtration plants is nevertheless necessary. 


BIOLOGICAL CHARACTERISTICS 


Among the many factors governing the biological characteristics of 
the Pacific Northwest waters are temperature, period of exposure to 
sunlight, depth of water, velocity of flow and chemical composition. 

Microscopic life is most abundant in shallow portions of lakes where 
water temperatures during the spring and summer months are higher 
than in the deeper strata. Shallow lakes east of the Cascades show 
a luxuriant growth of algae and small animal life during the summer. 
In this region a greater amount of sunlight occurs than in the western 
portion of the Northwest. An increase in mineral content of waters 
through summer evaporation in the eastern lakes also furnishes an 
abundance of mineral salts which promote the growth of algae. 

Except in very shallow and sluggish tributaries, especially where 
the land has been logged off, the rivers irrespective of location show 
only a nominal development of microscopic life. 

The velocities of flow in our principal rivers and the character of 
the adjoining banks, tend to check the growth of such life, since the 
organisms have much less opportunity to secure a foot hold on stones 
and gravel than in areas where the land is swampy and where quies- 
cent water prevails. 

The rapidly flowing mountain streams contain very few micro- 
scopic organisms. After such water has reached practically zero 
velocity—after entering a lake—growth of microscopic organisms 
takes place. 

Well waters and surface waters confined in covered reservoirs 
naturally show a minimum of microscopic organisms since absence 
of sunlight prevents the growth of algae upon which microscopic 
animals feed. 

When well waters of high mineral content are exposed to the sun- 
light during the summer months an enormous growth of algea 
develops. 

The microscopic life found in the surface waters of the Northwest 
are of types similar to those found elsewhere in the United States. 
The main groups of diatoms, green and bluegreen algae, protozoa and 
and peridiniae are all represented. ; 
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_ Anabaena, a filamentous bluegreen alga which causes disagreeable 
tastes and odors in water supplies, is found throughout Washington. 

In Cedar Lake which constitutes a portion of the Seattle water 
supply, a small animal type known as cladocera has been observed. 
In Soap Lake where an excess of alkali prevails, there is no evidence 
of any particular abundance of small organisms. 

In order to prevent the growth of an undesirable quantity of micro- 
scopic life in the water supplies of the Northwest various methods 
are employed. 

The shorelines of the lake water supplies are cleared and the lake 
margins deepened where necessary. Swampy areas are filled in 
whenever practicable. Intakes are often located in the deeper por- 
tions of lakes where the lower strata contain a minimum of algae. 

Reservoirs utilized for the distribution of deep well waters are 
covered, in order to exclude the sunlight which promotes the growth 
of microscopic life. 

When bluestone is used as an algicide, it is fed when possible in 
solution form into a flow of water entering the reservoir or lake in 
order to insure proper mixing and more efficient treatment. In cases 
where the displacement period of the lake is long, it is necessary to 
begin the bluestone treatment early in the season. 

The method of bluestone distribution by means of towing the 
crystallized chemical in bags around the shoreline of lakes is used 
when it is impracticable to feed the bluestone into a creek or feeder 
supplying the lake or reservoir. 


= = 


lion gallons treated. 
ing reservoirs. More recently ammoniation used in conjunction with 


(Presented before the iin Northwest Section meeting, May 13, 


waters wall na tig 


The now in use hy the walaritg af the population: of 


The dosages of bluestone used varies from 1/2 to 1 pound per mil- : 


Chlorine has also been used with some success in several impound- _ 


chlorination has given satisfactory results. 4 
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NOMENCLATURE FOR TREATMENT DEVICES 


The question of the various terms utilized in water purification 
practice has been raised by George E. Willcomb.' It is extremely 
difficult to introduce new phrases into established practice particu- 
larly when a world wide field is involved as in water purification. 
Departure from customary terms should not be made unless the 
existing terms are at variance with the task or far afield in descriptive 
accuracy. Willcomb has suggested that mixing basin and settling 
basin are misnomers when applied to rapid sand plant operation when 
based upon a strict interpretation of these terms. The substitution 
of “‘conditioning” basin to describe the method for securing floc for- 
mation does not appear to be justified upon this premise. A com- 
parison of the accepted meanings of those terms is as follows: 

Conditioning—a modifying circumstance; something required as a 

pre-requisite to fulfillment. 

Mixing—to unite promiscuously into one mass; mingle; blend. 

Agitation—to shake irregularly; to keep moving. 

Upon introduction of the coagulant into the water a sol (colloidal 
solution) is immediately formed which upon reacting loses its “‘solu- 
tion link,” sulfate ions in the case of alum coagulation, and coagulates 
into floc particles. These floc particles are not colloids, but very 
minute flocculated masses. These particles are then united into 
masses by the irregular shaking in baffled basins or by continuous 
shaking with mechanical or air agitation. It is thus shown by def- 
inition and description that the present term ‘“‘mixing basin’’ more 
closely protrays actual conditions in such a basin than does ‘‘condi- 
tion.” For this reason it should be kept in the nomenclature of plant 
practice. Logically it cannot be considered as a misnomer when so 
used. 

Reasoning from the same fundamental basis it is clearly shown that 
coagulation basin is misapplied when used to describe the floc reten- 
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shows that the coagulation occurs in the mixing basin and that settling 
basin is the more correct term for these basins giving subsidence.” 
Resorting again to definition it is noted that: wie 

Settling—to free from turbidity; to precipitate; to clarify. = 


Coagulation—to become clotted. 
‘ Sedimentation—accumulation of matter that settles to the bottom 
of a liquid. 


Subsidence—to sink to a lower level as in a fluid; to settle. 

_ Clarification—to free from impurities; to make transparent. 

The suspended material is removed from the water in plant practice 
by sedimentation. As stated by Prindle* the term clarification would 
by definition include the action of the filter beds. The deposition of 
floc rarely eliminates impurities or causes the water to become 
transparent. By definition, either settling or subsidence adequately 
describes the action of these basins. Preliminary settling basin 
means that basin used to retain suspended material without the use 
of coagulants and settling basin that container where chemical floc is 
collected. Such use indicates that some modification is necessary to 
obtain a distinctive title. As settling basin is becoming popularly ap- 
plied to the basin used with coagulants it is obvious that the term 
should be so continued. Therefore, if a new term is to be applied, 
it should be given to the basin utilized for subsidence without the use 
of coagulants. Plants with such basins are relatively few in number 
when compared with the total. By definition the term sedimenta- 
tion basin would be logical for them. Since settling basin has become 
more or less established in relation to floc precipitation it is believed 
that preliminary settling basin can be advantageously replaced by 
sedimentation basin, if a distinctive name is necessary. This, of 
course will prevent the use of these terms as synomyms as is at present 
done. 


Epwarp 8. Hopkins.‘ 


*Hopkins, Edw. §., “Water Purification Control,” The W 
Wilkins Company, 1932. rot “0 
Journal, September, 1932, page 1440. 
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‘Principal Sanitary Chemist, Montebello Filters, Baltimore, Md. bee 4 
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Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


1,500,000-Gallon Radial-Cone Bottom Tank Goes Into Service at Evanston. 
The Water Tower, 18: 3-4, July, 1932. Fifth such tank to be built for munic- 
ipal service and first with all-welded bottom, is being put into service at 
Evanston, IIl., directly opposite business section, 3 miles from pumping station. 
It is 104 feet in diameter and 92} feet to ground and has range of only 25 feet 
between upper and lower levels. Radial-cone is supported by 16 radial girders. 
Advantage of design is that it may be utilized te provide large elevated storage 
capacity in comparatively shallow tank.—R. H. Oppermann. 


Drought and Soil Drifting in Western Canada. T.C. Marin. Engineering 
Jour., 15: 297-304. Discussion, 304-307. Pointing out that for three years 
precipitation has been subnormal in portion of western Canada, author gives 
outline of factors on which climate, weather, and precipitation depend, and 
analyzes relations between precipitation and yield in various portions of prairie 
belt. He treats of effect of soil drifting and suggests as solutions for present 
situation, systematic planting of hedges, forestry conservation methods, 
retention of sloughs and lakes, and establishment of storage dams for spring 
run-off water. He holds out possibility that agricultural experts may develop 
a kind of wheat requiring less water than present varieties. Use of strip 
farming is advocated to minimize soil drifting while hedges are growing.— 
R. H. Oppermann. 


Adsorption of Iodine by Activated Carbon. Anon. Water and Water Engi- 
neering, 34: 403, 212, May 20, 1932. Assumptions that goiter is associated with 
iodine content of water and that water plays material part in supply of iodine 
to body are open to considerable doubt. Dr. Orr of Rowett Research In- 
stitute, Aberdeen, reported recently that analyses of waters from number of 
areas showed no correlation betsween concentration of iodine and incidence of 
goiter and that iodine content of water is small compared with that of many 
foodstuffs. Since part played by water in supplying iodine is so small, acti- 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of coéperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
Ontario, Canada. 
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vated carbon should not be withheld on account of its power of removing 
iodine. Function of water authority is to provide colorless, odorless, and 
palatable water, and activated carbon may be necessary to produce this; 
iodine should be provided by well balanced diet.—W. G. Carey. 


‘“‘Permutit’? Water Softening Installation: West Cheshire Water Company, 
England. Water and Water Engineering, 34: 403, 197-199, May 20, 1932. 
Original ‘“‘permutit”’ installation treating 750,000 gallons per day with synthetic 
material has worked satisfactorily for 18 years without any addition of new 
material. Modern plant was recently installed because of more economical 
operation. Base exchange material is new C.P. type and plant output is 1.25 
million gallons per day with two regenerations. There are 5 horizontal units 
designed for working pressure of 100 pounds per square inch; water is dis- 
tributed over base exchange material by collecting trough. Brine for regenera- 
tion is used twice, and piping in contact therewith is galvanized steel, double 
dipped in bitumastic paint.—W. G. Carey. 


The Lloyd Barrage and Canals. Anon. Water and Water Engineering, 34: 
401, 115-118, March 21, 1932 and 402, 160-163, April 20, 1932. Illustrated 
description of sluice-gate construction, of erecting machines for barrage gates, 
of canal head regulators and of canal excavation. Details of conditions govern- 
ing costs, output figures, and working costs are also given. More important 
cost items are wages and bonus, 23.6 percent; coal, 39.4 percent; oil, waste, 
and grease, 6.9 percent; ropes, chains, and teeth, 10.0 percent; and water 
supply, 7.4 percent.—W. G. Carey. 


An Interesting Device for Gauging Depth of Water in Wells. R. BuTuer. 
Water and Water Engineering, 34: 402, 174, April 20, 1932. A metal cylinder 
closed at one end and weighted at that end so that it sinks and fills with water 
is suspended from steel tape and lowered into well. When drawn up, at instant 
when open end breaks surface the water dropping out of cylinder transmits 
impulse via tape to observer and water level can thus be read with accuracy of 
4 inch.—W. G. Carey. 


Centrifugal Pump Testing Plant. H.C. von WippERN. Water and Water 
Engineering, 34: 402, 157-159, April 20, 1932 and 403, 220-222, May 20, 1932. 
Illustrated description of testing plant of Escher Wyss & Co. at Ziirich. Total 
floor space is large well with average depth of nearly 6 feet. Throughout well 
there is rectangular system of retaining walls constructed with submerged 
communicating gates, on top being cast iron slide rails for assemblage of test 
machines. Electric motors and steam turbines provide power for driving 
pumps. Water flow is measured by filling tanks to stop watch, by orifices and 
weirs, or by Venturi meters and nozzles. Supply head, geodetic height, 
energy input, and speed of machines are also measured. Problems incident to 
centrifugal pump development are also measured, e.g., cavitation, stream line 
flow in bends, guide channels and volutes, and hot water tests with boiler feed 
pumps.—W. G. Carey. 1 anger) Youto 
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Abstraction of Water froma Stream by Infiltration. J. Watson. Water and 
Water Engineering, 34: 402, 151-152, April 20, 1932. When abstracting water 
by infiltration from rivers, or lakes, to make use of natural filtering bed of 
gravel, or soil, filtration galleries of stone, brick, or timber, to form tunnels, 
or trenches, may be built in water bearing strata below level of water table 
with openings for entrance of water, or filtering cribs of timber framework 
boxes may be set in bed of river, or lake. Description and sketch of layout at 
Stonehaven, Scotland, is given. Dam was constructed across stream, collect- 
ing well 40 feet long by 4 feet wide and 9 feet deep was constructed on bank of 
stream and perforated fireclay pipes drain water from gravel bed to well. 
Compared with open filter bed, advantages are less capital cost, no running 
costs, filtered water can be drawn as required, and in frost no trouble is 
anticipated.—W. G. Carey. 


Recent Practice in Australian Water Supplies. S. McConne.tu. Water and 
Water Engineering, 34: 401, 121-123, March 21, 1932 and 402, 171-174, April 20, 
1932. About half Australia has annual rainfall less than 10 inches and very 
irregular and erratic run-offs, but has largest artesian water supplies in world, 
mostly situated in area with inadequate surface supplies. Bore trusts are 
established to supply water to groups of agriculturalists, but full control of 
all water supplies has been retained by Crown. Water is mainly saline and is 
corrosive, but all pipes are centrifugally lined with cement mortar. Pipes 
below 14 inches diameter are centrifugally cast; for large mains, electrically 
welded steel pipes are used; methods adopted for jointing are described. In 
cities, copper pipes are often used for service connections. Many towns do not 
filter water, but in north, increased temperature makes it advisable. Brisbane 
aérates, treats with alum, and filters. Supplies in Western Australia were 
limed to prevent corrosion; but dissolved oxygen was ultimately found to be 
responsible, and de-aération is now practised.—W. G. Carey. nits 

Development of Delmenhorst, Germany, Waterworks and Experience of Iron 
and Humic Acid Precipitation. G. Franke. Gas- und Wasserfach, 75: 3, 
41-48, January 16, 1932. Raw moorland water from wells is highly colored, 
contains dissolved humates, aggressive carbon dioxide, 26.2 parts, iron, 9.4 
parts and manganese, 0.37 parts per million. Works comprise iron removal, 
by spraying from height on to coke filters, and permanganate treatment (8 
grams per cubic meter) as well as primary and secondary sand filtration. 
Resulting water contains aggressive carbon dioxide, 2.5 p.p.m.; iron, 0.03 
p.p.m.; and no manganese. Large-scale experiments (1) on adding ferric 
sulphate so as to precipitate humates with excess of ferric iron and (2) on 
filtration through marble to remove sulphate and free carbon dioxide were 
unsuccessful. Illustrated description of works is given.—W. G. Carey. 


Biological Estimation of Water and Sewage Quality. L. Luoyp. Nature, 
129: 3259, 577-579, April 16, 1932. Supernatant fluid of culture of Polytoma 
uvella is placed in graduated tube 5 millimeters diameter, and water to be 
tested is run gently on top of this culture. Polytoma gather at junction as 
‘blanket’? which mounts tube at steady speed bearing close relationship to 
water purity. Five grades have been defined from readings made at end of 1 
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hour and of 4 hours; crude sewage takes less than 1 hour and roping occurs. 
Light, or darkness, or variation in pH value, has no effect; but low oxygen 
causes more rapid rise.—W. G. Carey. 


Chemical Degassing of Water. P. Drawer. Chemiker Zeitung, 56: 213-214, 
1931. Corrosive action of water upon metals caused by dissolved oxygen may 
be prevented by treatment with sodium sulphite. One kilogram of crystal- 
lised sodium sulphate will treat about 4800 liters of water saturated with 
oxygen at 4°.—W. G. Carey. 


The Use of Powdered Hydraffin Active Carbon for Water Purification. J.C. 
LippLe. Chemistry and Industry, 51: 16, 337-338, April 15, 1932. Powdered 
carbon has higher adsorptive and diffusion efficiency than granular and there- 
fore works more energetically and rapidly. Problem of adapting powdered 
carbon to working conditions of water purification has been successful, es- 
pecially in United States, where number of large water works use it for remov- 
ing color and residual chlorine. Addition before slow filters chokes them; 
powdered carbon is now added before rapid filters, capable of being back 
washed. To economise carbon, water should be pre-purified as much as 
possible and treatment is most suitable where filters are towards end of proc- 
ess; but in some cases powdered carbon has been added direct to raw mixing 
tank. Advantages of its use are that it can be fed by hand, or by dry-feed 
apparatus; no filter vessels are required for it; no extra power is necessary to 
overcome back pressure; and layer of carbon on rapid filters effects secondary 
filtration and purification. Dosage varies from 2 to 20 parts per million, and 
time of contact from 20 minutes to 2 hours. Intimate mixture with water must 
be secured, and difficult waters, e.g. those containing humates, must be pre- 
treated with alum and chlorine. Laboratory test to determine dosage and 
time of contact, using bottles and shaking, is described.—W. G. Carey. 


_ The Determination of Active Chlorine. J.C. Harrat and F. W. M. Jarrf. 
Analyst, 57: 674, 308-309, May, 1932. Yellow color is produced with ortho- 
tolidine by nitrite as well as by free chlorine; feebly in acid solution, but greatly 
intensified in alkaline solution. To distinguish between nitrite and chlorine, 
water is tested with meta-phenylene diamine; if nitrites are present free chlo- 
rine must be absent. Distinct pink coloration is produced with meta-phenyl- 
ene diamine by free chlorine in concentrations exceeding 0.2 part per million. 
[Chloramine may, however, interfere.—Abstr.]—W. G. Carey. 


Benzidine and Tolidine as Reagents in Analysis. Chemistry and Industry, 
51: 8, 64-66 T, February 19, 1932. In oxidation color reactions, more sensitive 
tests are given by ortho-tolidine than by benzidine. Ortho-tolidine test for 
free chlorine has been adapted to determination of chlorine in laundry wash 
water. Reference is made to gravimetric and volumetric determinations of 
sulphate with benzidine.—W. G. Carey. 


Action of Metallic Copper on Water Bacteria. Pitop and CopveEtts, 
Comptes rendus, 194: 497-500, 1932. Chemistry and Industry, 51: 22, 450 B. 
May 27, 1932. Following immersion of a copper sheet in water, latter is consid- 
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ered to acquire bactericidal activity and destroys B. coli in0.2cc. of an emulsion 
containing 10 million coli percc. Light has no material effect upon activation, 
which occurs in 4 days at 18°, while at 56° only 60 hours are required; but: boiled 
water is not activated in 32 days. Oxygen is essential; but bactericidal power, 
which is retained for more than 1} years at room temperature, is not reduced by 
boiling, freezing, or addition of salts. All bacteria of paratyphoid type are 
similarly affected, but B. pyocyaneus is more resistant. Bactericidal power 
varies with dilution of water and is lost on addition of 5 percent peptone, or of 
1 percent egg albumin, or by filtration. —W. G. Carey. 


Sterilization of Sand Filters. F. Myer. Gas- und Wasserfach, 75: 2, 
29-30, January 9, 1932. Appearance of B. coli in water from impounding reser- 
voir after double filtration and chlorine treatment was traced to B. coli in 
sand of one filter. Sand was sterilized after treatment with 1500 grams of 
chlorine per hour, or 100 grams chlorine per cubic meter of sand. This treat- 
ment took 14 days and destroyed algae on filter walls, which may protect walls 
from attack by water.—W. G. Carey. 


New Waterworks for Paderborn, Germany. J. LAUENSTEIN. Gas- und 
Wasserfach, 75: 5, 81-87, January 30, 1932. Illustrated account of develop- 
ment; supply was originally from springs and both ozone treatment and 
chlorination have been used. Latterly spring supply has been insufficient 
and has been supplemented by water pumped from river Lippe, which is settled 
in tanks, flows to four seepage basins having area of 6000 square meters, 
and thence percolates to 35 wells.—W. G. Carey. 


Necessity of B. Coli Tests as Well as Organism Count in Water Examination. 
R. Hey. Gas- und Wasserfach, 75: 10, 182-185, March 5, 1932. Examples 
show that total count alone sometimes give misleading conclusions as to 
suitability of water for drinking. B. coli is positive evidence and this test as 
well as total count should be made regularly on crude and treated water. B. 
coli should be tested for at 37°C. and at 45-46°C.—W. G. Carey. 


Pipe Protection Problem. Kréunxe. Gas- und Wasserfach, 74: 1155, 
1931. From Water Pollution Research Summary, 5: 6, 214, June, 1932. Pro- 
tection of pipes against corrosion by soil and water, against electrical in- 
fluences from current distributing systems, and against damage during trans- 
port and laying is considered. Properties required in protecting agent are 
described and methods of protection discussed, including use of tar, bitumen, 
pitch, asphalt, impregnated bindings, linseed oil, oil paints, red lead, nitro- 
cellulose varnishes, concrete, cement, asbestos, and metal plating. Artificial 
resins, gum compounds and chlorinated rubber preparations are now used for 
internal protection. Protective lime deposits have only limited application. 
Choice of protective material must depend on local conditions, especially as 
regards soil and water.—W. G. Carey. 


Sanitation Works in Small Towns. TuckreLp. Gas- und Wasserfach, 75: 
2, 30-33, January 9, 1932. Description of water and sewage works of Liibben, 
Germany. Corrosion of brass and zine by water from five wells led to recon- 
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struction using copper and asphalt coatings to wells. Free carbon dioxide 
rose to 18, and iron to 1.5 parts per million. Treatment with lime water, 
spraying for iron removal, and filtration eliminated carbon dioxide and re- 
duced iron content to 0.15 part per million.—W. G. Carey. 


On the Use of Sodium Bicarbonate and Calcium Oxide in the Rectification of 
Sea-Water in Aquaria. C. M. Breper, Jr. and H. W. Smirx. Jour. Marine 
Biological Assoc. of the United Kingdom, 18: 1, 199-200, May, 1932. Sodium 
bicarbonate is more suitable for maintenance of proper hydrogen-ion concen- 
tration and bicarbonate content in marine aquaria using closed circulation than 
is quicklime, because latter disproportionately increases calcium content. 
Comparative figures given.—Attmore E. Griffin. 


The Chemical Control of Closed Circulating Systems of Sea-Water in Aquaria 
for Tropical Marine Fishes. C. M. Breper, Jr. and T. H. Howtery. Zoo- 
logica, 9: 11, 1931. Water in closed aquaria systems tends to become acid and 
low in dissolved oxygen. Accumulation of free carbon dioxide and loss of 
dissolved oxygen may be prevented by aération. Correct acid-base equilib- 
rium necessary for fish life is maintained by addition of sodium bicarbonate. 
Methods of control are given. Careful attention is given to estimation of free 
and bound carbon dioxide, V AN SLYKE apparatus being used for former. Auto- 
matic devices for correct maintenance of acid-base equilibrium and of salinity 
are described and pictured. Analyses of sea water are given. Marked im- 
provement in tone of fish in New York Aquaria was noted when proper control 
was put into effect.—Attmore E. Griffin. 


Determination of Hydroxide and Carbonate in Boiler Waters. I Methods. 
Everett P. ParrripGe and W. C. Scuroeper. Ind. Eng. Chem., Analyt. 
Ed.,4: 271, 1932. Boiler water samples taken in open vessels and cooled in the 
atmosphere are shown to absorb therefrom much carbon dioxide, vitiating in 
toto for control purposes results of their analysis. Accurate knowledge of car- 
bonate, hydroxide, and sulfate contents of water inside the boiler is necessary. 
Methods customarily used, identical with those found in Standard Methods, 
are inaccurate for carbonate determination. Various methods for making 
this determination are discussed and merits of each presented. Evolution of 
carbon dioxide from carbonate and its absorption in barium hydroxide solu- 
tion was considered most suitable. II Development and Testing of Apparatus 
for Carbonate Determinations by Evolution and Absorption in Barium Hydroxide. 
Apparatus developed to simplify this determination is illustrated on p. 276. 
Gas is driven off and absorbed in barium hydroxide solution, with subsequent 
titration. Detailed directions are given. Comparison of results with those 
obtained by other methods on (1) synthetic water and (2) boiler water shows 
superiority of new procedure. Method naturally assumes that all carbonate 
present in boiler water is normal carbonate; presence of bicarbonate and free 
carbon dioxide, as in natural waters, will change basis of calculations. III 
Plant Tests of Various Methods for Determining Ratios for Boiler Water Control. 
Lzo. F. Coturns and W. C. Scnroeper. Device was developed to collect and 
deliver direct from boiler filtered samples of water therein, uncontaminated by 
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‘ide external influences. It consists of fine mesh copper screen wound around on 
‘er, perforated pipe and placed in boiler, or in supply line to cooling coil. Ex- 
Te- cellent diagram is given. Difficulties arising from exposure to atmosphere are 


eliminated. Table is given comparing results of tests on samples collected by 
this method with those obtained on similar samples after 4 minutes exposure 


of in laboratory. It is clearly indicated that carbonate content of boiler waters 
ine is much lower than is usually thought. Titration method for hydroxide, as 
am commonly practised, is not in error to same extent as is carbonate test. Ex- 
n- cellent bibliography is attached.—Edw. S. Hopkins (Courtesy Chem. Abst.). 
an 

e. Occurrence and Determination of Iron in Sea Water. Tuomas G. THOMPSON, 


RAYMOND W. BreMNER, and I. Marion Jamieson. Ind. Eng. Chem., Analyt. 
Ed., 4: 288, 1932. Iron in sea water exists primarily as an organic compound 


-_ easily broken down by sulfuric acid which, however, imparts a brownish tint 
- in usual thiocyanate determination. This may be compensated for by correct 
id addition of sodium sulfate to standards in proportion to salinity of sample. 
of Iron content of sea water changes with seasons, being somewhat dependent 
D- upon growth of micro-organisms which remove iron from the water.—Edw. S. 
Hopkins (Courtesy Chem. Abst.). 


T 


Determination of Alkalinity in Boiler Waters. A Comparison of Methods. _ 
Freperick G. Straus. Ind. Eng. Chem., Analyt. Ed., 4: 290, 1932. Dis- ie 
cussion of various methods in use, based largely upon experimental data ob- 
tained with synthetic and natural boiler waters. Detailed calculations of = 
analytical data are given. Standard and WINKLER methods give reliable 
results for hydroxide content in absence of silica and organic matter. Hy- 
droxide cannot be determined accurately from pH results. Carbonate as 
determined by standard method is accurate in absence of organic matterwhen 
not below 50 p.p.m. Most reliable results are those obtained by evolution est 
methods.— Edw. S. Hopkins (Courtesy Chem. Abst.). 7 a 


Graphic Calculations in Water Analysis. JoHn KenNETH SELLERS. Ind. 
Eng. Chem., Analyt. Ed., 4: 29, 1932. Where hypothetical combinations of 
elements and radicals are called for as routine practice, this chart will elim- 
inate many calculations.— Edw. S. Hopkins (Courtesy Chem. Abst.). 


Determination of Carbon Dioxide and Titratable Base in Sea Water. Davip 
M. GREENBERG, Erik G. Mosere, and Estuer C. ALLEN. Ind. Eng. Chem., 
Analyt. Ed., 4: 309, 1932. Van Stryke and NerLu apparatus, developed for 
blood gas analysis, was adapted for purpose in hand. Diagram of equipment 
is given. Determinations of carbon dioxide in sea water check within 1 per- 
cent. Most accurate method of obtaining base content is by calculation from 
carbon dioxide determination.— Edw. S. Hopkins (Courtesy Chem. Abst.). 


Solubility of Calcium Sulfate and Calcium Carbonate at Temperatures be- - weal 
tween 182° and 316°C. G. Straus. Ind. Eng. Chem., 24: 914, 
1932. Description of apparatus and methods for making these determinations “a 
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is given. Calcium sulfate and calcium carbonate solubilities both decrease 
with increase in temperature.—Edw. S. Hopkins (Courtesy Chem. Abst.). 


Presence of Iodine in Rocks, Soils, and Water and Its Relation to Goiter. 
H. Caver. J. Land w., 77: 251-74, 1929. From Chem. Abst., 24: 5369, 
November 10, 1930. Many analytical tables are given and relation between 
natural occurrence of iodine and goiter is discussed.—R. E. Thompson. 


New Contributions to the Micro Method for Iodine Determination in Food- 
stuffs. J. F. Reirn. Biochem. Z., 224: 223-41, 1930: cf. C. A., 24: 1596. 
From Chem. Abst., 24: 5384, November 10, 1930. Determination of small 
amounts of iodine in various materials is discussed. Method of von FELLEN- 
BERG has been found most reliable for water.—R. E. Thompson. 


Operating Results at the Pregel Water Works of Kénigsberg. Denk. Gas- 
u. Wasserfach, 73: 813-5, 1930. From Chem. Abst., 24: 5396, November 10, 
1930. Operating difficulties encountered in purifying the Pregel River water 
are discussed. Water is settled in basins holding one week’s supply, treated 
with alum and chlorine in special mixing chamber, allowed to settle 4 hours, 
passed through a quick filter, and chlorinated a second time when necessary. 
Lime water is added to neutralize acidity, point of application being either the 
alum-mixing chamber or just before filtration. Under normal conditions a 
completely clear, odorless, and tasteless water is produced.—R. E. Thompson. 


Potable Water Supply of the City of Hanoi, 1888-1929. J. Basuietr. Rev. 
hyg. méd. prév. 52: 676-88, 1930. From Chem. Abst., 24: 5396, November 10, 


1930. City has population of 120,000 and has been without traceable water- _ 
borne epidemic since about 1900. Water is obtained from 8 deep wells, supply __ 
being abnormal in many respects. Mineral content is high, particularly 


calcium, alkalinity being 250-300 p.p.m. Iron and chloride are also high, and 
ammonia varies from 8 to 10 p.p.m. Puech-Chabal system of purification is 
employed, with slow sand filtration and final sterilization with sodium hypo- 
chlorite (0.2 p.p.m. chlorine). Supply is considered entirely safe.—R. E. 
Thompson. 


First Large-Scale Practical Application of the Chemical Petrification Process _ 


in Constructing the New ‘‘Am Staad’”’ Water Works of the City of Diisseldorf. 


A. Lane. Bauing., 11: 411-6, 432-7, 1930. From Chem. Abst., 24: 5396, 


November 10, 1930. General description of new water works unit, with par- 


ticular reference to wells. JoosTEN method of compacting loose formations _ 


by grouting with chemicals was used in construction of headworks, concrete- 
lined tunnels, and shafts.—R. E. Thompson. 


Modern Water-Supply Plants and Chemical Soil-Hardening Methods. A. 
Lane. Gas- u. Wasserfach, 73: 789-93, 1930. From Chem. Abst., 24: 5396, 


November 10, 1930. Methods of preparing wells which are connected at 
bottom to common collecting or pumping mains are discussed. Lowerpartsof _ 
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wells are made impervious to water by chemical hardening process consisting 
of forcing solutions of water glass and calcium chloride into the soil. This 
type of well is more or less independent of changes in ground water level. 
Illustrations are given in original.—R. E. Thompson. 


Modern Works for Copenhagen’s Water Supply. P.Sgrensen. Ingenioren 
(Copenhagen), 39: 241-54, 1930. From Chem. Abst., 24: 5396, November 10, 
1930. Descriptive.—R. E. Thompson. 


Modern Purification of Water. Krnren. Z. ges. Textil-Ind., 33: 18, 299 
301, 1930. From Chem. Abst., 24: 5397, November 10, 1930. Use of Permutit, 
Neopermutit, Crystalit, and Refinite in water softening is discussed.—R. E. 
Thompson. 


The Purification of Surface Waters in View of Their Utilization for Alimen- 
tary Purposes. C. Wicnrers. Ann. hyg. publ. ind. sociale, 1930: 411-5. From 
Chem. Abst., 24: 5397, November 10, 1930. Conclusions are given which 
were drawn from experimental work on slow sand filters carried out for city of 
Groningen.—R. E. Thompson. 


Disinfection of Municipal Water Supplies. A. Vita Acousta. Obras 
publicas (Mexico), 1: 1, 31-7, 1930. From Chem. Abst., 24: 5397, November 
10, 1930. Review of physical, chemical, and physico-chemical methods of 
water treatment with notes on chlorination practice at Tacubaya, Chapultepec 
and Condesa. Cost data are given.—R. E. Thompson. 


Bacteriologial Purification of Drinking Water by Iodine. V. ConTERas. 
Ann. Hyg. publ. ind. sociale, 1930: 218-41. From Chem. Abst., 24: 5397, 
November 10, 1930. Study of literature, as well as personal research and ex- 
perience, leads author to conclusion that iodine is better purifying agent than 
any other known, its sterilizing action being equal to that of chlorine, and 
handling, dosage, and application being simpler and cheaper than for chlorine. 
In addition, its presence in water is desirable as protective agent against 
goiter.—R. E. Thompson. 


Purity of Drinking Water from the Biological Aspect. Wiurrep RusHToN. 
Munic. Eng. Sanit. Record, 84: 676, 1929. From Chem. Abst., 24: 5397, 
November 10, 1930. Waters from limestone or chalk area were regarded as 
excellent sources of supply. Goiter is said to be associated with such supplies, 
because of absence of certain substances in the water. Experiments with fish 
suggested that, although character of water may have some connection with 
it, other factors must be taken into consideration. Author doubts whether 
many reservoirs are worth stocking with fish, although probably organisms 
which might be detrimental are kept down thereby.—R. E. Thompson. 


The Electrical Conductivity of Bengal Waters. A. D. Srewarr and N. K. 
CuatTeRJEB. Indian J. Med. Research, 18: 71-7, 1930. From Chem. Abst., 
24: 5397, November 10, 1930. Electrical conductivity is roughly proportional 
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to total dissolved solids. Ratio of electrical conductivity to total solids 
varies with source of supply. Repeated determinations provide valuable 
index of sudden changes in composition.—R. E. Thompson. 


The Determination of the Freezing Point in Water Chemistry. Sze.insx1. 
Chem.-Ztg., 54: 659, 1930. From Chem. Abst., 24: 5398, November 10, 1930. 
Author recommends conductivity and freezing-point methods for rapid esti- 
mation of contamination of water with salts. Freezing-point method is 
cheaper, more easily learned, and sufficiently accurate—R. E. Thompson. 


Copper as Material for Water Pipe. K, Kasster. Wasser u. Abwasser, 27: 
: 151-2, 1930. From Chem. Abst., 24: 5399, November 10, 1930. Copper is 
— ideal material for pipe construction. It does not corrode, has very long life, 
1a is only very sparingly soluble in all waters, imparts no foreign flavor, and does 
2 not become incrusted as readily as iron pipe.—R. EL. Thompson. 


Softening of Water with Permutite in Mine Operation. K. p’Huarr. Berg- 
bau, 43: 205-8, 1930. From Chem. Abst., 24: 5399, November 10, 1930. 
Permutite process is described and several installations of water softening 
plants with permutite are diagrammatically illustrated.—R. EL. Thompson. 


Practice and Control of Boiler-Feed-Water Purification. O. Regret. Braun- 

kohle, 29: 169-74, 1930. From Chem. Abst., 24: 5399, November 10, 1930. 
Concise method of analysis with simplified calculation, suitable for routine 
analysis is given.—R. E. Thompson. 


a Practical Observations on the Prevention of Boiler Scale. T.Fisuer. South. 
: Power J., 48: 8, 49-50, 1930. From Chem. Abst., 24: 5399, November 10, 1930. 
Discussion of use of chemical compounds to separate impurities in boiler feed 
water and of mechanical devices for their removal.—R. E. Thompson. 


a © Caustic Embrittlement of Boiler Plates and Its Prevention. L. Rrxrve. 
ye Power Eng., 25: 298-9, 1930. From Chem. Abst., 24: 5399, November 10, 
1930. Authoritative survey of problem.—R. E. Thompson. 


Determination of Phenol in Effluent Waters. H. A. J. Preters. Chem. 
Weekblad, 27: 334-7, 1930. From Chem. Abst., 24: 5398, November 10, 1930. 
Methods of removing substances which interfere with phenol determination | 
are discussed. For phenol content of about 1 gram per liter, the bromine 


nation of tribromophenol formed is most satisfactory; while for lower con- 
centrations, colorimetric determination with FoLt1in DENIs reagent is best.—R. 
E. Thompson. 


Salicylic Compounds Causing an Iodoform Taste in Javellized Water. B. A. 
Apams. Ann. hyg. publ. ind. sociale, 7: 733-40, 1929; Medical Officer, 8: 
17, 1929. From Chem. Abst., 24: 5398, November 10, 1930. Salicylaldehyde, 


method, in which excess bromine is determined iodometrically, is very accu- 
rate; for concentrations down to 0.15 gram per liter, nephelometric determi- __ 
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lids salicylic esters, salicylic acid, and salicylates present in water in concentra- 
ble tions as low as 1:1000 millions produce iodoform taste on chlorination. Salicin, 
acetylsalicylic acid, salicyl-coumaric acid and methyl salicylate do not pro- 
duce the taste, while phenol salicylate does. Experiments show that material 


KI. from willow and poplar trees is able to impart same taste to chlorinated water. 

30. Since with other trees this effect could not be observed and since first-named 

ti- trees are known to contain salicylic compounds, trees bordering rivers are 

is considered to be actual source of substances in water that on chlorination 
may form chlorine derivatives characterized by an iodoform odor.—R. E. 
Thompson. 

is Influence of Chlorine Treatment on Acidity of Water. A. Massinx. Chem. 

e, Weekblad, 27: 304-7, 1930. From Chem. Abst., 24: 5398, November 10, 1930. 

es Publications of Haase (ef. C. A., 22: 2421; 23: 3037) are criticized and it is 


shown both experimentally and on theoretical grounds that with normal 
waters no variation in pH sufficient to affect seriously properties of treated 


- water is to be expected.—R. E. Thompson. 
Safeguarding Swimming-Pool Water. G.T.Luiprotp. Munic. Sanitation, 


1: 455-6, 1930. From Chem. Abst., 24: 5402, November 10, 1930. Modern 
methods are discussed. Many states have adoted quality standard of Joint oo mee 
- Committee on Bathing Places of American Public Health Association and ; 
. Conference of State Sanitary Engineers.—R. E. Thompson. 


eal 


The Preservation of Rivers and Streams from the Standpoint of Water Supply. 
J. B. Firta. Munic. Eng. Sanit. Record, 84: 674-5, 1929. From Chem. 
Abst., 24: 5402, November 10, 1930. Author advocates more stringent legis- 
lation to prevent pollution of streams and better enforcement of present laws 
by local authorities. Comparatively few trade effluents are not amenable 
a to treatment at reasonable cost, but it is rare to find a trade waste efficiently 
= treated before discharge into a river.—R. E. Thompson. : 
Rivers Pollution Prevention. J. H. Garner. J. Roy. Sanit. Inst., 50: 
243-5, 1930; Wasser u. Abwasser, 27: 146. From Chem. Abst., 24: 5402, 
November 10, 1930. Discussion of pollution prevention in England and re- 
view of recent work.—R. E. Thompson. 


Measurement of Pollution in Sea Water. H. K. Benson. Paper Trade J., 
90: 24, 69-71, 1930; Tech. Assoc. Papers Series 13: 1, 239-41, May, 1930. From 
Chem. Abst., 24: 5402, November 10, 1930. Residual oxygen, or oxygen- 
balance, has been found very sensitive for detection of sulfite waste liquor in 
sea water. By establishing oxygen-balance values for near-by unpolluted sea 
water, measure of extent of pollution can be made in adjacent polluted areas. 
It affords quantitative method for evaluating extent of pollution in given area 
and enables graphic representation of relative conditions in such area to be 
made.—R. E. Thompson. 


Copper Sulfate Clears Algae Trouble at Winslow. D. E. Lewis. Munic. 
Sanitation, 1: 442, 1930. From Chem. Abst., 24: 5402, November 10, 1930. 
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Odors, tastes, and turbidity caused by algae in raw water were relieved by 
copper sulfate-chlorine treatment.—R. E. Thompson. 2a wot de 
Metallographic Investigation of Cast Iron Pipe. V. N. SvecKNIKOV and 
K. F. Staropouporr. Messager ind. (russe) métaux, 1928: 1, 94-108; Rév. 
métal 27: (Extraits) 140-4, 1930. From Chem. Abst., 24: 4492, September 
20, 1930. Analysis of 3 sound and 17 defective pipes showed that both series 
had approximately the same average composition, but appreciably different 
structures. In both cases there was an outer and an inner zone in which the 
graphite was separated in finer grains than in central zone; in sound pipes, 
however, the zones merged progressively into one another, while in defective 
pipes there were accumulations of fine flakes of graphite near the periphery 
and long dendritic ferrite crystals had formed in longitudinal direction of 
pipes, between which was a very fine-grained graphite.—R. EL. Thompson. 


Protective Coatings for Iron and Steel. I. Metallic Coatings. Henry N. 
Bassett. Ind. Chemist, 6: 241-3, 1930. From Chem. Abst., 24: 4498, 
September 20, 1930. Review containing much interesting information. Pro- 
tective coatings obtained by processes of Barrr, the BowrErs, GEsNER, T AT- 
Lock, and are dealt with briefly —R. E. Thompson. 


Suitability of Pure Aluminum Vessels for Culinary Purposes. A. THIEME. 
Chem.-Ztg., 53: 973-4, 1929. From Chem. Abst., 24: 4557, September 20, 
1930. Even very large amounts of alumina or aluminum salts are entirely 
without deleterious physiological action.—R. E. Thompson. 


A True Measure of the Aggressivity of Natural Waters. I. E. Orutov. Z. 
anorg. Allgem. Chem., 191: 87-103, 1930. From Chem. Abst., 24: 4564, 
September 20, 1930. Calcium bicarbonate in aqueous solutions at room tem- 
perature decomposes only in presence of catalysts, such as metallic iron or 
powdered marble. Decomposition of calcium bicarbonate in presence of solid 
calcium carbonate takes places as a reaction of the second order. Resulting 
process by which aggressive carbon dioxide dissolves calcium carbonate con- 
sists of two processes taking place in opposite directions: solution, which is 
proportional to H-ion concentration, and precipitation, which is proportional 
to the square of calcium-ion concentration. Findings of TILLMANs and others 
are special cases of the relationship indicated above. Division of carbon 
dioxide into aggressive and bound carbon dioxide has no foundation in theory. 
The quantities (H*),gr. and pagr. have been proposed. They may serve as an 
exact measure of aggressivity of natural waters.—R. E. Thompson. 


Electroésmotic Water Purifying Plates. JoHANNES BurRKES. Chem. App., 
17: 85-7, 1930. From Chem. Abst., 24: 4564, September 20, 1930. Author 
describes a 3-chambered cell with porous diaphragms dividing chambers in 
which water can be practically freed of salt electrolytically. Cathode and 
anode chambers collect the salts and middle chamber finally produces salt- 


tities of impure feed water.—R. E. Thompson. 3 


free water. Cells can be arranged in series to handle relatively large quan- 
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Categulith, A Proved Preventive of Boiler Scale. K. Rimtz. Chem.-Tech. 
Rundschau, 45: 446-7, 1930. From Chem. Abst., 24: 4565, September 20, 
1930. Facts are presented in support of ‘‘Categulith’”’ as boiler scale preven- 
tive rather than as water softening agent, as designated by E. W autsr (Allgem. 
Ol- Fettztg. 1927: 43, 539). Recommended that Categulith be dissolved in 
double the amount of hot water. Foam formed is removed through a valve. 
Boiler walls, armatures, conducting pipes, etc., are not corroded by organic 
acids of Categulith, whose action is further enhanced by addition of soda.— 
R. E. Thompson. 


The Suppression of Scale in Boilers. René Escourrov. Chimie & industrie, 
23: 273-93, 1930. From Chem. Abst., 24: 4565, September 20, 1930. Effects 
of number of physical disincrustants were studied by microscopical examina- 
tion of deposit formed in 2-liter boiler. Results are illustrated by means of 
large number of photomicrographs. Natural and synthetic tanning extracts 
and sulfite and soda waste liquors have decided, but varying, effectiveness 
in preventing formation of crystalline deposit, while sugars are practically 
valueless. There is an optimum concentration for best results, below which 
prevention and elimination of scale are incomplete and above which there is 
waste of reagent, this optimum depending on operating conditions such as 
pressure and temperature, composition of water, pH, etc. With sulfite waste 
liquor products, best results were obtained when pH was near neutral point. 
Advantages, disadvantages, and manner of using this type of disincrustant 
are discussed briefly.—R. E. Thompson. 


Disinfection of Artificial Mineral Water with Sodium Peroxide. Luiar 
GapBano. Z. Hyg. Infektionskrankh., 111: 372-9, 1930. From Chem. Abst., 
24: 4565, September 20, 1930. Sodium peroxide is suitable for disinfecting 
drinking water, if sodium hydroxide formed is not neutralized immediately. 
Action of hydrogen peroxide formed is strengthened by presence of sodium 
hydroxide. Sodium peroxide (0.05 gram per liter) killed B. coli in 4, B. 
typhosus in 3, and B. paratyphosus in 3.5 hours. Final neutralization of drink- 
ing water with tartaric acid, or with carbon dioxide of mineral waters, leaves 
no disagreeable flavor.—R. E. Thompson. 


Sanitary Progress of Lowestoft (England). A. IsHerwoop. Munic. Eng. 
Sanit. Record, 84: 259-60, 1929. From Chem. Abst., 24: 4567, September 20, 
1930. Water, after filtration, is conveyed by 3 mains to reservoir of 1 million 
gallons capacity, from which it is distributed throughout the town. Chemical 
analyses are made at least each month and bacteriological analyses every 3 
months.—R. E. Thompson. 


Typical Types of Public Swimming Baths. The Wimbledon (England) 
Bath Filtration Plant. Munic. Eng. Sanit. Record, 84: 340-1. 1929. From 
Chem. Abst., 24: 4567, September 20, 1930. Capacity of pool is 125,000 
gallons. Water can be completely recirculated through purification plant 
every 4 hours. Aluminum sulfate and sodium carbonate solutions, stored in 
slate tanks, are employed as coagulants to aid filtration (pressure filters). 
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"Filtered water is aérated by means of electrically driven blower fitted with 
_ filters to ensure pure air. Not over 0.5 p.p.m. chlorine is added. Filters are 
_ cleaned in few minutes by closing outlet valves and agitating filtering medium 
(sand and pebbles) with compressed air, loosened impurities being flushed to 
’ drain by upward flow of filtered water. Temperature of water is maintained 
4 at 74°F.—R. E. Thompson. 
h Loss of Residual Chlorine ina Swimming Pool. W.L. MaLuMANN and O. B. 
Winter. Munic. Sanitation, 1: 382-3, 1930. From Chem. Abst., 24: 4567, 
8 September 20, 1930. Loss of residual chlorine in swimming pool waters has 
always been associated with organic rather than inorganic matter. Scrubbing 
d water containing cleaning powder gaining entrance to a pool resulted in loss 
of residual chlorine. With o-tolidin test for free chlorine and growth of B. 
— coli as indicators, laboratory tests have shown that sodium carbonate in the 
cleaning powder was only constituent causing loss of residual chlorine.— 
E. Thompson. 


Water Purification. Oscar ADLER and Apter. U.S. 1,771,518, July 
29. From Chem. Abst., 24: 4567, September 20, 1930. In order to free water 
_ from organisms it is treated with sufficient chlorine to destroy the organisms, 
_ filtered through porous refractory material such as sand, asbestos, or glass 
_wool, and then conducted over carbon to convert residual chlorine into hydro- 

chloric acid; solid particles accumulated in porous material are flushed out by 
stream of water treated with substance containing chlorine, such as a hypo- 
- chlorite, in direction opposite to that of normal flow of treated water, to kill 
all organisms present in the porous bodies. Cf. C. A., 24: 3847.—R. E. 
Thompson. 


4 

_ The Cataphoretic Migration Velocity of Zeolite Suspensions. BuzAau, 
A.V. Kolloid Z., 1929, 49, 35. Cataphoretic migration velocity of electrolyt- 
_ ieally dialysed chabasite particles and of electrolytically dialysed synthetic 
i, _ aluminium silicate particles, in presence of different electrolytes, was measured 
. and results are given in tables and graphs showing concentration of different 
: _ electrolytes in mg.-equivalents per litre, cataphoretic migration velocity in u 
ey, per second per volt, and electro-kinetic potential in millivolts. The solutions 
- employed were sodium, potassium, calcium, and barium hydroxides and so- 
_ dium, potassium, calcium, barium, aluminium, and thorium chlorides. General 
- conclusion reached was that an electrolytically dialysed zeolite suspension 
_ behaves, as regards electro-kinetic phenomena, like other suspended sub- 
_ stances which show a negative charge in water.—M. H. Coblentz (Courtesy 
sof the Department of Scientific and Industrial Research, Water Pollution Re- 
search Board, Summary of Current Literature). 


Determination of Traces of Iron by Photo-chemical and Colorimetric Meth- 
me SuarmMa, B.S. Chem. and Indust., 1929, 48: 336T. When traces of 
_ ferrous or ferric iron are introduced into staturated solution of ammonium 
_ thjocyanate and exposed to sunlight, pink colour is developed which, as well as 
_ its time of disappearance in the dark, is proportional to amount of iron present. 
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| with Equation which holds good for the relationship is given. Methods used and 
TS are precautions taken are outlined. Concentration of solution of ammonium 
-dium thiocyanate, amount of free acid present, and temperature are found to affect 
ied to disappearance of color. Intensity of color, being proportional to amount of 
ained iron present, can be utilised for colorimetric determination of small traces of 
iron.—M. H. Coblentz (Courtesy of the Department of Scientific and Industrial 
Research, Water Pollution Research Board, Summary of Current Literature). 
O. B. 
4567, The Reactions between Iron, Iron Hydroxides, and Water. Scuikorr, G. 
s has Z. fiir Elektrochemie, 1929, 35: 65. Preuss found that by heating powdered 
bing iron with a sludge of ferric oxide in water, brown oxide was converted to black 
| loss powder and hydrogen was given off. Explanations suggested by Preuss and 
of B. WOuLER for this reaction are discussed, and experiments carried out to in- 
1 the vestigate the reaction are described. Iron in air-free water was found to 
1e,— give off hydrogen and addition of iron hydroxide accelerated the evolution. It 
appeared that hydrogen development and blackening of oxide were separate 
reactions. Blackening was found to be due to reduction of ferric hydroxide, 
July by which mainly Fe,0, was formed. Hydrogen development was found to be 
ater due to decomposition of water by dissolved ferrous hydroxide, on which reac- 
sms, tion iron and solid ferric hydroxide act as catalysts. Addition of increasing 
lass quantities of iron hydroxide to iron filings in water accelerated evolution of 
lro- hydrogen to a maximum when surface of iron was, as it were, saturated with 
i by iron hydroxide, and further additions had no effect. Increase of pressure 
‘po- slowed down the reaction, while heating from 25° to 35° doubled the speed of 
kill gas evolution. Electro-chemical explanation of process of gas development 
E. isgiven. With compact iron (iron plates), gas evolution was much slower than 
with filings.—M. H. Coblentz (Courtesy of the Department of Scientific and 
Industrial Research, Water Pollution Research Board, Summary of Current 
Literature). 
yt- 
tic The Réle of Hydrogen-Ion Concentration in the Precipitation of Calcium and 
ed Magnesium Carbonates. Capy, H. P., Kemmerer, G. and Weeks, M. E. 
nt J. Phys. Chem., 1929, 33: 1769. Quantitative study of decreasing hydrogen- 
wr ion concentration of pure solutions of calcium and of magnesium acid carbon- 
ns ates during precipitation of corresponding carbonates. Investigations and 
0- equations derived by other workers are mentioned. Details are given of prep- 
al aration of necessary materials and also of the apparatus, which is shown in 
yn diagram and consists essentially of reaction chamber, hydrogen electrode, and 
b- normal calomel electrode. Hydrogen is used to serve threefold purpose of 
3 (1) saturating platinum black of electrode, (2) displacing carbon dioxide from 
e- solution of acid carbonate, and (3) sitrring the solution. Experimental 
method, details, and data, including tables and curves of results of observations 
of pH values of solutions of calcium and of magnesium acid carbonates of 
- varying concentrations, the former at two different temperatures, are given.— 
f M. H. Coblentz (Courtesy of the Department of Scientific and Industrial Re- 
n search, Water Pollution Research Board, Summary of Current Literature). 
Survey of the Distribution of Goitre in Finland and Its Connection with Iodine 
in Water. ApLERcREUTZ, E. Zbl. ges. Hyg., 1929, 19: 223; Wass. u. Abwass., 


. 
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1929, 26: 33. Author gives results of investigations into geographical dis- 
tribution of goiter in Finland, a hitherto neglected subject. Map of distribu- 
tion is given.—M. H. Coblentz (Courtesy of the Department of Scientific and 
Industrial Research, Water Pollution Research Board, Summary of Current 
Ttterature). 


Process for the Preparation of Base-Exchanging Material for the Removal 
of Iron and Hardness from Water for Drinking and Other Uses. Kose t, V. 
Austrian P. 114,101; Chem. Zbl., 1929, 2, 2925. Material is prepared by treat- 
ing calcined clay, disintegrated brick, containing aluminium silicate with 
acidified water to make it porous by removing bases soluble in acid. It is 
then neutralized by boiling and washing with alkali, or alkali carbonate, solu- 
tion. Brick material of from 1 to 1.5 mm. in size is first boiled with 1 per cent 
hydrochloric acid, then washed, boiled for three to four hours with mixture of 
1 percent soda lye and 2 percent sodium carbonate solution, and again 
washed.—M. H. Coblentz (Courtesy of the Department of Scientific and In- 
dustrial Research, Water Pollution Research Board, Summary of Current 
Itterature). 


Sterilising Action of Silver and Copper on Bacteria. Eaa, C., and JuNa, 
Mikrochem., 1929, Pregl Fest., 46; Brit. Chem. Abst. A., December, 1929, 
1494. 8B. coli cultures were sterilized within 24 hours by 0.04 mg. of silver per 
litre and concentrations of silver as low as 0.001 mg. produced marked effect. 
With copper, however, minimum concentration of 0.6 mg. per litre was neces- 
sary for complete sterilization. Sterilizing effects of silver and of copper com- 
pounds are due to silver and copper ions, respectively; thus silver sulphide and 
other slightly dissociated silver salts have no sterilizing action. Colloidal 
solutions of silver and solutions containing complex silver ions may act as 
sterilizers, but in these cases silver ions are liberated by secondary reactions. 
The sterilizing powers of silver and of copper have not been equalled by those 
of other metals.—M. H. Coblentz (Courtesy of the Department of Scientific and 
Industrial Research, Water Pollution Research Board, Summary of Currrent 
Itterature). 


New Emergency Water Supply for City of Santa Barbara. RayMoND A. HILL. 
Western City, 8: 2, 9-13, February, 1932. Six wells of gravel envelope type 
were drilled in westerly portion of city at distance of from 1 to 2 miles from 
ocean. Deep-well motor-driven turbine pump was installed in vault over each 
of 5 wells and in open pit for one well. Water from wells is aérated to remove 
hydrogen sulphide by pumping it to top of a standard cooling tower and allow- 
ing it to flow down into a basin underneath and thence into main collecting 
reservoir. Due to complaints of objectionable odor, blower was installed to 
pull air into tower through louvers and discharge it up redwood stack 60 feet 
high. Two 300-g.p.m. motor-driven single-stage centrifugal pumps are ar- 
ranged in series and operate against total head of approximately 300 feet 
pumping from reservoir into distribution system. On discharges from pumps 
8-inch Pelton check valves were installed and 8-inch Pelton surge compressor 
was installed on by-pass to take care of water hammer on shutting down 
pumps. New 16-inch steel supply line laid from booster pumping station to 
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site of proposed new reservoir, about 1 mile distant, was coated on inside with 
asphaltic compound and on outside with reinforced gunite. End joints of 
each 24-foot length were of bell and spigot type but all other joints in each 
section were electric-welded. Bell joints were caulked with cement. After 
pipe was laid in trench and caulked, concrete collars were placed around joints 
to prevent corrosion. Total cost of development, to December 1, 1931, was 
$160,689.94.—Geo. C. Bunker. 


La Conner, Wash., Makes Bid to Industry with a New Water Supply. Cari 
D. Pottock. Western City, 8: 2, 15-16, February, 1932. Town purchased 
privately-owned water system and made 20-year contract to purchase water 
from 24-inch supply main running from Skagit river to city of Anacortes. 
A 6-inch gravity supply main, with capacity of 345,000 gallons per day, conveys 
river water to small rapid sand filter plant. Concrete distributing reservoir 
was constructed in natural depression, enlarged to capacity of 250,000 gallons. 
Filtered water flows by gravity to revamped distribution system of steel and 
cast iron pipe. Filter plant was designed to operate automatically, being 
visited once daily for inspection and filter-washing. Total cost of work, 
including $6000 for old system, was approximately $45,000.—(Geo. C. Bunker. 


New Reservoir for Wenatchee, Wash. FrRep J. SHARKEY. Western City, 
8: 3, 9-11, March, 1932. Detailed description of construction of covered rein- 
forced concrete reservoir with capacity of 4m.g. Total cost, $66,000.—Geo. 
C. Bunker. 


Port Townsend Improves Water System. W. J. Sapter. Western City, 8: 
4, 9-10, April, 1932. Old distribution system built in 1905 of wood pipe has 
been rebuilt using centrifugal c.i. pipe and wire wound untreated wood pipe 
with creosoted wire wound collars. All services on old mains, outside of 
paving district, were transferred to the new. Copper services have been 
installed in proposed paving district. No. 1 reservoir, storage capacity of 
which had been reduced by break on the slope in 1920 from 2 to 1 million gal- 
lons, has been repaired and relined.—Geo. C. Bunker. 


From Liquid Mud to Clear Water is Experience of Montana City. F. F. 
Patmer. Western City, 8: 6, 9-11, June, 1932. After 26 years experience 
with muddy water, city of Forsyth, Montana, has constructed rapid sand 
filtration plant, with a capacity of 1 m.g.d., to purify Yellowstone river water, 
at cost of $50,000. Plant consists of mixing chamber with mechanical agita- 
tors and detention period of 16 minutes; 2 settling basins with detention period 
of 6 hours at full capacity; 2 gravity type filters, each of 0.5 m.g.d. capacity, 
with 27 inches of sand and 14 inches of gravel supported by Wagner blocks; dry- 
feeders for alum, lime, or sodium aluminate; and chlorinator. All services 
have been metered.—Geo. C. Bunker. 


Modern Swimming Pool Sanitation. G. T. Luippotp. Western City, 8: 
7, 20-21, July, 1932. Results of ammonia-chlorine-treatment of water in sev- 
eral pools in California are given. Salt water for Fleishhacker pool in San 
Francisco, said to be largest outdoor pool on west coast, is recirculated for 


dis- 
ibu- 
and 
rent 
oval 
V 
8 
lu- 
of 
om 
4 
wy 
3 
A, 
9, 
er 
t. 
4 
1- 
d 
ul 
Ss = 
. 
1 
t 
7 
x 
} 
iy 


766 ABSTRACTS OF WATER WORKS LITERATURE  [J. A. W. W. 

heating and sterilizing purposes, but not filtered. Chlorine residual sufficient 
to eliminate algae caused smarting of the eyes; but chloramine treatment main- 
tains clear water with no complaints. In Los Angeles High School pool, 
containing approximately 250,000 gallons, residual chlorine of from 0.4 to 0.7 
p.p.m, is maintained without complaints regarding odor or taste.—Geo. C. 
Bunker. 


Progressive Development of Sacramento Water System. James 8S. DEAN. 
Western City, 8: 7, 32-33, July, 1932. New pre-treatment works for existing 
filtration plant are under construction. Division of Water has been reorgan- 
ized with City Engineer, appointed by and directly responsible to City 
Manager, in charge, in collaboration with newly created office of Superin- 
tendent of the Division of Water who is directly responsible for construction, = 
operation, maintenance, collections, accounting, and related services.—Geo. 


C. Bunker. wee 


Reservoir Transformed into a Park. Salisbury, Bradshaw, «& Taylor. 
Contract. Engrs. Monthly, 34: 5, 37, May, 1932. An 8-m.g. reservoir, with 


area of 1.3 acres, in Beverly Hills, Cal., located in center of high-valued resi- __ 


dential district, has been covered and roof transformed into park, with well- 
kept lawn, trees and shrubs around rim, electrically illuminated fountain in 
center, and concrete benches. Novelty in the design is that barrel arch panels 
of gunite, 3 inches thick, are supported entirely by pre-cast 3-hinged arch ribs, | 
spandrels, and tie struts. Arch rise is 1 foot in the 10-foot span. Tile drains 
lie in valleys between the arches, beneath 2 feet of soil; over crowns of arches, | 
soil is 1 foot deep.—-Geo. C. Bunker. 

A. Darwin. West. 
Various construction details = 
Pine Canyon Dam for Pasadena Water Supply. West. Constr. News, Mer) 
3, 81-83, February 10, 1932. General notes concerning Pine Canyon Dam of 
San Gabriel Project to obtain additional water supply for Pasadena, Cal. 2 
Dam is gravity structure, 245 feet high above streambed and 325 feet above __ 
lowest foundation. It will be 20 feet thick at top, 750 feet long on crest, and © 
250 feet long at stream bed. The reservoir will be 4 miles long and will have 
surface area of 416 acres and storage capacity of 39,350 acre-feet. Estimated __ 
cost is $5,300,000. Conduit 60 inches in diameter and 17.8 mileslong, capacity __ 


Hetch Hetchy San Joaquin Valley Pipe Line. 
Constr. News, 7: 2, 41-50, January 25, 1932. 
are given with numerous illustrations.—Geo. C. Bunker. 


80 ¢.f.s., is required to connect reservoir with city; but this is not included in 2 
bids for dam.—Geo. C. Bunker. mw 


Crossing Rivers with Welded Pipe Lines. West. Constr. News, 7: 5, 141- > 
142, March 10, 1932. Abstract of descriptions of long river crossings in the © ; 
December 1931, issue of ‘‘Oxy-Acetylene Tips.’’ In case of one crossing, 2.8 — 
miles long, pipe was handled from the ice over the river; in a second case, 2.5 — 
miles long, two 10-inch lines were laid simultaneously from barge; and in a — 
third case, 0.6 mile long, an 8-inch line was laid across a deep river by dividing © 
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it into six strings, each 500 feet long, which were then carried out on a prelimi- 
nary course, joined, submerged to 50-foot depth, and supported by floats, and 
then drawn up to final course and lowered by winches on barges.—Geo. C. 
Bunker. 


El Capitan Water-Supply Dam for San Diego. West. Constr. News, 7: 6, 
158-163, March 25, 1932. San Diego, Cal., will construct the El Capitan reser- 
voir dam for storage of 118,000 cubic feet of domestic water-supply and 8 miles 
of conduit to connect it to existing pipe lines. Development is intended to 
provide 10 m.g.d., or enough for nearly 100,000 additional population. In 
1930 population was 148,000 and daily per capita consumption, 116 gallons. 
The dam will be of hydraulic rock-fill type, 1160 feet long on top and 1240 
feet thick at base, with spillway crest 197 feet above streambed. Later on 
30,800 feet of 48-inch and 1,500 feet. of 36-inch pipe will be laid from reservoir 
to connect with existing 36-inch pipe line between Lakeside and University 
Heights reservoir in San Diego. Total estimated cost of work is $6,000,000.— 
Geo. C. Bunker. 


Beverly Hills Tries Ferric Chloride. RaupH A. STEVENSON. West. Constr. 
News, 7: 6, 167-168. For coagulation 4.0 grains of lime and 0.5 grain per 
gallon of alum have been used at Beverly Hills filtration plant No. 2. Ex- 
cessive amount of finely divided lime was present in settled water flowing 
upon filter, which tended to shorten runs and incrust sand grains. Test was 
then made by applying 0.25 grain per gallon of 45 percent ferric chloride solu- 
tion to raw water entering mixing tanks. Excellent results were obtained, 
floc forming and settling more rapidly than with alum-lime coagulation. 
After treated water had flowed half-way through final settling basin, bottom 
was plainly visible at depth of 11 feet. Filter runs were increased 16 percent. 
within a few days; filtered water was at all times sparkingly clear and free from 
color and dissolved iron. Ferric chloride is superior to alum because floc 
forms quicker and settles faster; ferric hydroxide forms in ratio of 0.66 pound 
per pound of anhydrous ferric chloride, as compared to 0.23 pound of aluminum 
hydroxide per pound of alum. It is recommended for the removal of color, 
iron, hydrogen sulphide, or of objectionable amounts of manganese. Liquid 
ferric chloride may be stored in concrete tanks lined with asphalt.—Geo. C. 
Bunker. 


Long Beach Water System Improvements. FrepS. Porter. West. Constr. 
News & High. Bldr., 7: 8, 205-210, April 25, 1932. Detailed description of 
improvements to the Long Beach, Cal., water system, consisting of 9 wells in 
new water-bearing lands; supply mains of centrifugally-cast reinforced con- 
crete pipe (Moir-Buchanan process) and cast iron pipe; reinforced concrete 
cistern, 200 by 240 feet in plan by 10 feet deep into which new 42-inch supply 
main discharges; new feeder mains to reservoirs on Alamitos Hill; and six steel 
tanks, 132 feet in diameter by 35 feet high, with total capacity of nearly 21 
m.g., which will be increased ultimately to 31 tanks with capacity of 125 
m.g. Roofs consist of creosote pressure-treated rafters and sheathing, covered 
with 3-ply felt roofing and crushed rock screenings, and built in four lifts which 
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give good ventilation through }-inch mesh wire screening; interior surfaces 
were treated with Biturine enamel and exterior with primer coat and aluminum 
paint. Steel tanks were selected due to possibility of seismic disturbances. 
When three of new tanks are completed, old concrete reservoir will be aban- 
doned. Contract price for 6 steel tanks complete was $137,000.—Geo.C. Bunker. 


Water-Waste Survey of Ogden, Utah. Frep E. Witutams. West. Constr. 
News & High. Bldr., 7: 8, 231-233, April 25, 1932. Article to explain methods 
adopted and results obtained written in response to many inquiries received. 
Prior to survey, total average daily consumption, including leakage, was 8,720,- 
000 gallons and average minimum night consumption was at rate of 6,363,000 
gallons per 24 hours, or 73 percent as much. Leakage found in house fixture 
was of slight consequence as compared with that from 112 underground leaks 
in mains and services, which amounted to 2,372,000 gallons daily. Leakage of 
1,434,000 gallons daily, or 67 percent of its entire inflow, was found in case of 
one supply line, a combination of wood-stave and wrought iron pipe, laid in 
1890; of this leakage, 1,270,000 gallons were escaping from wood-stave section. 
Sufficient repairs were made economically to keep it in service until new line 
may belaid. Reduction in leakage has relieved the situation until supply may 
be increased and distribution system enlarged.—Geo. C. Bunker. 


Filter Plant at Eugene, Oregon. West. Constr. News & High. Bldr., 7: 
9, 250, May 10, 1932. Announcement of construction of 12-m.g.d. rapid sand 
filter plant by Water Board at estimated cost of $200,000.—Geo. C. Bunker. 


The Use of Active Carbon for the Purification of Municipal Water Supplies. 
P. Smit. Génie Civil, 99: 570, 1931. Revivification of active carbon may 
best be accomplished by heating in rotary furnace after thorough washing, or 
by washing with dilute acid, soda, or salt, solution, or suitable vapour, or 
gas. Amount of carbon for purification can be kept to minimum by treating 
water as much as possible by other means; 1 kilogram of carbon suffices for 
final purification of from 500 to 1500 cubic meters of water without revivifica- 
tion. In general, flow of 10 cubic meters per hour per square meter of filter 
surface (257 m.g.a.d.] at pressure of a few meters of water, with contact period 
of from 20 to 60 seconds, is sufficient, if used for taste removal. These condi- 
tions can be obtained with granulated carbon. VAN Gitse’s formula connect- 
ing filter surface, loss of head, and filter depth shows that powdered carbon 
can only be used in thin layers. Tests passing water slowly upward through 
powdered carbon show that carbon bed can be of practically unlimited depth 
and flow of from 1 to 1.5 cubic meters per hour per square meter of filter sur- 
face [26 to 3 g.m.a.d.] is obtainable. A filter cloth on carbon bed prevents 
carbon being carried away and periodical reversal of water flow prevents loss 
of head. At Alblasserdam, carbon is used in sand filter of 100 square meters 
[1076 square feet] area, layer from 3 to 5 centimeters [from 1,°, to 2 inches] 
deep being placed between two layers of sand, upper of which is 40 centimeters 
[16 inches] deep. After 100 days operation, loss of head was 10 centimeters 
[4 inches] color was being reduced from 12 to 3 and permanganate demand, 
from 16.5 to 5.8 parts per million [i.e., oxygen consumed, from 4.17 to 1.47 
p.p.m.|].—W. G. Carey. 
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Report by the Water Resources Commission of Maryland, January, 1933. 
A valuable and comprehensive report has just been released by the Water 


supply resources of the State. The work of the Commission was authorized _ 


the State have been largely determined by chance, with the results at times _ 
contrary to public benefit; that the abserce of regulation has resulted in — 
hazards of flood and drought; that the elementary book-keeping of stream 


exists for reviewing the design and supervising the construction of dams as to 
their stability and safety. 


Maryland and their use and utilization for all purposes. It found that 1,240 
million gallons per day of surface waters are used, of which 252 m.g.d. are for 
public water supply, 59 m.g.d. for industry, and 928 m.g.d. for steam power. 


taken from streams of the State and supply a total population of 1,600,000, of 
which about 500,000 are in the District of Columbia. The remaining 1,100,000 
persons constitute more than 67 percent of the population of the State, the 
Baltimore County Metropolitan District having about 875,000. It is esti- 
mated that by 1950 the streams will be supplying 350 m.g.d. to a total popula- — 
tion of 2,380,000, including the District of Columbia. 

Approximately 193 million gallons of sewage per day, with more than half of 
it untreated, are discharged into Chesapeake Bay and its tributary streams 
including the Potomac River, from the cities and towns of Maryland and the | 
District of Columbia. The Susquehanna River receives large contributions _ 
of sewage and industrial waste from cities and towns in Pennsylvania and New 
York. The Potomac and its tributaries provide outlets for considerable quan- 
tities of these materials in Pennsylvania, Virginia and West Virginia, as well 
as for waste from Maryland industries. 

Twelve steam power stations in the State, with an installed capacity of 
471,476 h.p., use more than 923 million gallons of water per day for condensing 
and cooling purposes. Five hydro-electric plants in Maryland have an in- 
stalled capacity of 403,360 h.p., of which the development on the Susquehanna 
at Conowingo has a capacity of 378,000, h.p. The Susquehanna River, how- 
ever, has large water power plants in Pennsylvania at Holland and Safe | 


Maryland. 

The report further states that the future combined use of water depends 
upon the interrelation of growth of population, industrial expansion and power 
demand. The whole question is so intricate and founded on so many hypo- 
thetical possibilities that forecasts of what the future will bring are only 
speculative. The report states that there is no reason to believe, however, 
that the total requirements for water will be less than 1,500 m.g.d. in 1950, 


Resources Commission of Maryland setting forth recommendations as to es We 
policy, legislation and methods of financing for the preservation of the water 


by Chapter 247, Acts of the 1931 Session of the General Assembly of Maryland. © 2 : ‘ 
The report states that the development and use of the water resources of Be . 


flow has been discontinuous, intermittent and haphazard, and that no agency x es 


The Commission made a comprehensive inventory of the water resources of 


people through 87 water systems. Fifty-three public water supplies are ee 


Harbor, totaling 405,000 h.p.; most of which is or will be transmitted into ; ra e 
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and then observes that the adjustment of future contentions as to priority of 
use among competing public and private interests will consequently soon need 
attention. To this end the Commission believes it vital to the interests of the 
whole State to have future questions of priority of use with respect to water 
supply and power resources, settled by a public board, the members of which 
shall be appointed and shall be qualified to make the required investigations 
and decisions. 

The Commission, therefore, recommends the creation of a permanent Water 
Resources Commission of Maryland, with general powers to formulate a water 
conservation policy, to control the priority, purpose, period, places and quan- 
tity of use of water, and to provide for continuity of stream gaging and for the 
supervision of dams and water-way obstruction. A proposed draft of legis- 
lation to carry out these recommendations is submitted in the report. —H. T. 
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